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In Arizona, the telephone company faced a 
problem. How could it supply more tele- 
phone service between Phoenix and Flagstaff 
—through 135 miles of difficult mountain 
territory? 


Radio offered the economical answer: a 
new microwave radio-relay system recently 
created at Bell Telephone Laboratories. 
Operating at 11,000 megacycles, it was just 
right for the distance, and the number of 
conversations that had to be carried. 


But first other problems had to be solved: 
how to house the complex electronic equip- 
ment; how to assemble and test it at hard- 
to-reach relay stations in the mountains; 
and how to do it economically. 


On-the-spot telephone company engineers 
had some ideas. They worked them out with 
engineers at the American Telephone and 


Telegraph Company and at Bell Telephone 
Laboratories. The result: a packaged unit. 


The electronic equipment was assembled 
in trailer-like containers at convenient loca- 
tions and thoroughly checked out. Then the 
complete units were trucked up the moun- 
tains and lifted into position. 


The system, now operating, keeps a watch 
on itself. When equipment falters, a relay 
station switches in stand-by equipment, then 
calls for help over its own beam. 


The new Phoenix-F lagstaff link illustrates 
again how Bell System engineers work to- 
gether to improve telephone service. Back 
of their efforts is the constant development 
of new communications systems at Bell Tele- 
phone Laboratories. 
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APPLICATION OF MATRIX METHODS TO THE LINEAR LEAST 
SQUARES SYNTHESIS OF MULTIVARIABLE SYSTEMS* 


BY 
R. C. AMARA' 


ABSTRACT 


The class of systems treated in this paper is that characterized by a multiplicity 
of inputs and outputs. For such linear multivariable systems subject to continuous 
stochastic inputs with arbitrary self- and cross-correlations, a derivation is made of 
the equations to be satisfied by the optimum transfer-function matrix. The criterion 
of performance which is used is the minimization of the sum of the mean-square 
errors between the set of actual outputs and a set of desired outputs. 

The analysis divides the multivariable problem into two principal parts. In 
the first, designated the filter case, are included those systems in which the only re- 
striction on the linear transfer-function matrix to be realized is that of physical 
realizability. Included in the second, the control case, are those systems in which a 
controlled matrix or plant is specified which imposes additional restrictions on the 
over-all performance of the system. 

The results of the analysis are presented compactly in matrix form. For signal 
power spectra and plant matrices satisfying prescribed conditions, explicit matrix 
solutions to the minimization equations are obtained. 


I. INTRODUCTION 


In the field of control engineering a considerable effort has tradi- 
tionally been devoted to an investigation of systems characterized by a 
single input and a single output. Until very recently, relatively little 
attention had been given to the class of systems having a multiplicity 
of inputs and outputs, designated multivariable systems. In the past 
few years,’ however, interest in this area has begun to grow rapidly as 
evidenced by the increasing number of papers which have appeared on 
the subject. 


* The research reported herein was supported jointly by the U. S. Air Force, Army and 
Navy under Contract Nonr 225(24) 373 360 with Stanford University. 

' Senior Research Engineer, Stanford Research Institute, Menlo Park, Calif. 

2 See Bibliography appended to this paper. 


R Guns” Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
the JourNAL.) 
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A multivariable system may be defined as a configuration having 
p input terminals and g output terminals, as shown in Fig. 1. In the 
work to be described herein, it will be assumed that the multivariable 


Cq 


rp 
INPUTS OUTPUTS 


R C 


INPUTS OUTPUTS 


(b) 


Fic. 1. Representations of a linear multivariable system. 


systems under consideration can be described by linear, time invariant, 
input-output relations over the whole range of operation or over the 
restricted range of interest. Such assumptions make it possible to 
describe the action of a system by defining a transfer-function matrix. 
Thus, using matrix notation and letting 


Cy Qi; Gix*** Aip 
ls Ce : : 
R=]. C=] A= 


r, Cq 
the system input-output relation may be expressed compactly as 
C = AR, (1) 


where R, C, and A are the input, output, and transfer-function matrices, 
respectively. It is seen that a multivariable system derives each out- 
put by a simultaneous operation on all its inputs. Furthermore, it is 
apparent that the class of multivariable systems includes the common 
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single variable system'as a special case. A turbo-jet engine, a steel 
rolling mill, or a chemical processing plant are but a few of the practical 
examples of multivariable systems that may be cited. 

The purpose of this paper is to demonstrate the application of 
matrix methods in the synthesis of multivariable systems subject to 
stationary stochastic inputs. To do this, the following two basic 
problems are considered : 


1. Linear Multivariable Filter System: For a filter subject to random 
inputs satisfying certain prescribed conditions, solutions are obtained 
for minimizing each output mean-square error. The only restriction 
‘in this case is that of physical realizability. 

2. Linear Multivariable Control System: Similarly, for a controlled 
plant subject to random inputs, solutions are obtained for minimizing 
the sum of the output mean-square errors. In this case the plant is 
not available to the designer for adjustment so the synthesis procedure 
consists of introducing a compensating transfer-function matrix which 
is physically realizable. 


In both cases, the derivation is concerned exclusively with a considera- 
tion of the continuous signal case; however, by using similar methods, 
extensions to hybrid (continuous-discrete) and discrete signal systems 
can be readily made. 


II. FORMULATION OF THE PROBLEM 


It is well known that complete freedom is not generally available to 
the designer of control systems in realizing a‘particular over-all transfer 
function. Rather, the elements of the system to be controlled (often 
designated ‘‘fixed’’ or ‘‘plant’’ elements) impose varying degrees of 
additional limitations since they are not available to the designer for 
adjustment. For a multivariable control system the problem might 
be stated as follows: Given a set of random inputs with arbitrary cross- 
correlations and a plant matrix which specifies the fixed and unalter- 
able elements to be controlled, what is the transfer function of the 
compensating matrix that transforms the set of system inputs as closely 
as possible to a set of desired output functions? It is clear that this 
class of systems includes the simpler pure filter or ‘‘free configuration”’ 
class as a special case. Thus, the multivariable problem will be formu- 
lated in terms of the control case and a reduction to the filter form will 
be made at the appropriate time. 

The principal properties of the systems to be considered and the 
criterion which is to be used as a measure of performance are stated 
below. 


1. All signals are members of stationary, random, continuous proc- 
esses with power spectra expressible as rational functions. In any 
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practical problem, the usual procedure is to approximate all power 
spectra by rational functions in order to obtain transfer functions in 
useful form. 

2. The fixed plant matrices as well as the operator matrices to be 
synthesized are linear, continuous, time invariant, and stable; they 
may be represented by transfer-function matrices whose elements are 
expressible as rational functions of complex frequency. 

3. The criterion of system performance is the minimization of the 
sum of the mean-square errors between the set of actual outputs and a 
set of ideal or desired outputs. This has the merit both of lending itself 
to analytical treatment and of being applicable to many real problems. 
The foregoing conditions or assumptions are essentially direct analogues 
of those normally applying to the equivalent single-variable case. 


Rit) At) M'(t) G (t) Cit) Lt) Dir) 
m)(t) 


m,(t) 


- 


rit) mp( t ) 


Fic. 2. Feedback and cascade representations of the general control problem. 


Figure 2a shows the basic multivariable control system; as can be 
seen, direct negative feedback from output to input is considered to be 
an integral part of the system. In the figure the plant matrix G is 
q X p and the compensating matrix A’ is p X q; also, the signals 
R, M', C, D and & are p X 1 or g X 1 column matrices as required. 
Instead of working directly with the feedback configuration shown, it 
is more convenient to replace it by an equivalent cascade combination 
of matrices as indicated in Fig. 2b. The relationship between the 
matrices A’ and A is readily derived to be 


A’ = A(I —GA)-", (2) 


colt <2") ait) 
€ 
| : 
(a) : 
R(t) M(t) (t) (t) 
ts 
4 » 
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Furthermore, it can be shown that no design freedom is lost in replacing 

one configuration by the other provided that G is stable, as assumed. 
From Fig. 2b the total mean-square error &7*(t) for a plant with p 

inputs and g outputs is 


o2(t) — 2e,(t)d,(t) + (3) 


h=1 


Sr(t) = 


Each of the terms within the summation will now be expanded. Work- 
ing first with c,?(t), the manipulated variable m,(t) at the input to the 
plant is 


m,(t) = dor,;(t — 1,2,---p (4) 


j=1 


while the output is 


i=l 


Substituting Eq. 4 into Eq. 5 and reordering summations and integra- 
tions, there is obtained 


c(t) = dag, (a) dor ;(t - ¢ — a)a;;(e), 


(6) 


Using a new set of variables and indices to distinguish the different 
operations of integration and summation, c,(¢) may also be written as 


k=1 l=1 
h=1,2,---4q. 


(7) 
Now multiplying Eqs. 6 and 7, averaging with respect to time, and 
noting that 


= orjr(o (8) 


-) is the self- or cross-correlation function, there results 


rj(t — ¢ — a)ri(t — p — B) 


where 


i,k=1 7 ,l=1 


4 +a—p—B), h=1,2,---q. (9) 


Turning to the second term in Eq. 3 and noting that 


Pr (o + a) 


— — a)dy(t) 


4 q 
i 
4 
i 


6 


the result is 


i=l j=1 


The third term of Eq. 3, d,2(¢), will be written in the equivalent form, 


Panay 
Collecting all terms and substituting in Eq. 3 yields 


i=l j=1 


x FF +a) + (12) 


III. DERIVATION OF THE MINIMIZATIQN EQUATIONS 


A minimization will now be performed of Eq. 12 with respect to a,; 
or ad, by a variational procedure. Let 
= xi,,(p) + 


(13) 


where @;;,,(¢) Or @xi,,(p) are the assumed solutions and ea;;.(¢) or 
€d,1,(p) are the corresponding variations. Substituting the expressions 
of Eq. 13 into Eq. 12, differentiating with respect to ¢, setting the value 
at « = 0 equal to zero and noting that 


ta—p—B) 


the set of pg equations may be written in the following form: 


Pp 


EEE dagas(a) 


h=1 k=1 


doa.s(o) + a) = 
= pb 
j= @, 
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lor any 7, 7 the common factor, f doa,;,(¢), may now be moved out- 


side the summation signs; but, since a;;,(¢) = O fore < 0, the remaining 
factor must be zero for « > 0, so that 


h=1 k=1 l=1 
4 
Ze dagy br ja,(o + a) 0; o Ps (16) 
h==l j=1,2,---@ 
are the pg minimizing equations which must be satisfied. That the 
stationary point which has been obtained is in fact a minimum may be 
8° §7?(t) | 
verified by examining the sign of - ar )| 


| e=0 

When the a,; satisfy Eq. 16 the minimum realizable error, &7?(t) min, 
is achieved. An expression for evaluating it may be obtained directly 
from Eq. 12 when the conditions of Eq. 16 are satisfied. The result 
is that 


h=1 i=1 j=1 


(17) 


Equations 16 and 17 are more useful as frequency domain expres- 
sions. Accordingly, equivalent expressions will be obtained for both. 
Equation 16 may be considered a function of o, designated f;;(¢); a 
Fourier transformation results in 


h=1 k=1 l=1 


bo 


Dp (18) 


where s 4 jw, and f;;(s) does not have any poles in the left-half s-plane. 
Since the factors of the terms within the summations are expressible 
as rational functions of s, a partial fraction expansion with respect to 
left-plane poles must equate to zero. Therefore, 


h=1 k=1 l=1 h=1 
= 2, p 
j3=1,2,---@ (19) 


| 
q ps4 q 
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where [.--- ]* indicates the expansion in terms of left-plane poles only. 
Now by using matrix notation the expression may be simplified even 
further. Let ,, be the g X q matrix of elements ¢,,,,(s), ®.q be the 
q X g matrix of elements ¢,j,(s), G be the g X p matrix of elements 
gu(s), and A be the p X q matrix of elements a;(s). Equation 19 
becomes 


= (20) 


where, for any matrix X(s), X7 is the transpose of X(s) and X(-— s) 
is written as X. As will be shown in Sec. IV, this equation will prove 
most useful both in obtaining direct solutions to the control problem 
and in relating the latter to the solutions obtained for the filter case. 
Turning to Eq. 17, it may be written in its transformed version as 


kat jot 


Now letting ®,4 be the g X q matrix of elements ¢z,,2,(s) and using the 
other matrices as defined previously, there is obtained 


1 jx 
min = tr} Bax GA®,a}ds, (22) 


where tr} ---} denotes the trace of a matrix. 


IV. EXPLICIT MATRIX SOLUTIONS OF MINIMIZATION EQUATIONS 


The set of pg equations represented by Eq. 20 are generalized forms 
of a modified Wiener-Hopf equation. When the plant matrix G becomes 
the identity matrix, Eq. 20 reduces to the minimization equation for the 
filter problem : 


[@,,A7]+ = [4,4 ]*. (23) 


It will be shown that the explicit methods of solution developed for the 
simpler filter case can be applied directly to the control problem. 
Therefore, the filter form as represented by Eq. 23 will be considered 
first. Only explicit matrix methods are included; non-explicit, non- 
matrix methods of solution are described elsewhere.’ 


A. Filter Problem 


An explicit solution to Eq. 23 is possible when ®,, is diagonal. For 
this case the method of spectrum factorization developed by Wiener 
for the single-variable case can be adapted to matrix-valued functions. 
The formal series of steps becomes: 


3 See (8) in Bibliography. 
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F = ®,,A™ 


{,,-|1F = @,,+AT — {6,,-}—'6,, (24) 
AT= 16,4 ]+, 


where ®,, = ®,,+,,-, and ®,,+ has elements with all poles and zeros in 
the left-half s-plane, while ®,,- has elements with all poles and zeros in 
the right-half s-plane. It should be noted that Eq. 24 includes the 
single-variable solution as a special case. That is, when ®,, is also 
diagonal, A” is diagonal and it follows that A? = A. 

In Eq. 24 the factorization of the matrix ®,, is possible only because + 
it is assumed to be diagonal. When all cross-power spectra are not 
zero, no general method for performing this operation is known. For 
this case, a suitable transformation must be found which can reduce 
the ®,, to diagonal form. 

The input power spectra matrix ®,, is Hermitian since ¢,;r,(s) 
= @r,r;(— Ss). For such matrices a unitary transformation to a diagon- 
alized form is always possible. This is accomplished by the use of the 
normalized modal matrix U which is formed by arranging the orthogon- 
alized unit characteristic vectors of ®,, as its columns. The conversion 
to diagonal form is made by the matrix operation 


$,, = U7,,U, (25) 


where #,, is the new diagonal matrix and U7 is the transposed conjugate 
of the modal matrix. The elements of #,, are the eigenvalues of ®,, 
and are always real. The transformation has the important property 
that 

Ur =U-' or UTU =I (26) 


for which reason it is designated a unitary transformation. 
The g X q error matrix ®,. may be expressed in terms of the other 
system matrices as 


where all matrices have been previously defined. The minimization 
problem can now be expressed in terms of the diagonal elements of 
®,, in the following manner: 


1 
= mal... tr{®,.}ds. (28) 


Thus, it is seen that a minimization of &7?(¢), the sum of the mean square 
errors, is in effect a minimization of an integral of the trace of the ®,, 
matrix. Another important property of a unitary transformation is 


“re 
: 
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that the trace of a transformed matrix remains invariant. Therefore, 
if an integral of the trace is minimized in one domain, it is also mini- 
mized in the other. 

It remains now to establish the conditions under which a useful 
transformation can be made between the two domains. Although such 
matrices may be related in any consistent way across the transforma- 
tion, it has been found that explicit solutions may be obtained only 
when the correspondence is maintained one-to-one throughout. If the 
unitary transformation is applied to Eq. 27, the result may be written 
in the form 


U-,.U = — 
— U“AUU-'8,,U + ATU, (29) 


where the product UU~-' = I has been inserted at appropriate places. 
By examining Eq. 29 it is possible readily to establish the identity under 
all conditions of those matrices that appear only once, namely, $.., 612, 
and $,,. For the A and 4,, matrices, it is seen that since 
= U-"AU = U-'6,,U 

U-"A U and U-4,,U (30) 
the modal matrix U must be such that U = U. This in turn means 
that ©,, must satisfy the condition that ®,, = 6,,; for if 


A 


U-',,U 
and (31) 
U-$,,U = 


then %,, = &,, since U and ¢,, are equal to their respective conjugates. 
A more restrictive condition is imposed on U by the requirement that 
the elements of A be physically realizable. This is easily seen as follows. 


Since 
= (32) 


an explicit solution for A” can be made only if matrices U-' and U do 
not have poles in the right-half s-plane. But since U-'! = U7, this 
means that the elements of U must have no poles. In this case then 


AT = U{$,,+}=[ (33) 


B. Control Problem 


Equation 20 may also be written as 


[#,,A7,,]+ = 
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where ®,,4G7G. From an examination of Eq. 34 it is clear an ex- 
plicit solution may be obtained when both @,, and ,, are diagonal by 
the methods used in Eq. 24. For example, by reasoning as in Eq. 24 
it can be verified that for this case 


As in Eq. 24, when ®,, is also diagonal A? = A and Eq. 35 reduces to 
the common single-variable case. 

A valid multivariable control solution also exists when ®,,, or G, 
alone is diagonal. This corresponds to the case in which a number of 
single-variable plants are fed with inputs which have arbitrary cross- 
correlations. If G is diagonal, the minimization equation may be 
written as 


But since ®,,+ has elements with all its poles in the left-half s-plane, the 
physical realizability of A’’ defined as 


A’'T = A'@,,+ (37) 
remains intact. Furthermore, when @,,’ is defined as 
= (38) 
Eq. 36 may be written as 
[@,,A’T]+ = [4,,' ]*. (39) 


This is exactly of the form of Eq. 23 with the result that the transforma- 
tion method described in Sec. IV-A is directly applicable when ®,, 
permits. 

A direct reduction to an equivalent filter problem may also be 
possible even when none of the matrices ®,,, ®,4 or ®,, is diagonal. For 
a single-variable control problem, it is well known that design with a 
minimum-phase plant g(s) is reducible to design for a ‘‘free-configura- 
tion”’ filter a(s); in this case, the optimum compensating filter element 


is determined to be aes This procedure is valid because the mini- 
mum-phase g(s) contains no zeros in the right-half s-plane and therefore 
performance of the system does not depend on pole-zero cancellations in 
that part of the plane. For the multivariable problem, it would be 
expected that a similar reduction is possible. 

A minimum-phase plant matrix is defined here as a nonsingular 
matrix whose determinant has no zeros in the right-half s-plane. If G 
is minimum phase, then {G@}-! has elements with all their poles in the 
right-half s-plane. Therefore, Eq. 20 may be written as 


2 
q 
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= ,,A'GT — ,,, (40) 


where the matrix on the left again has elements with no poles in the 
left-half s-plane and therefore 


[@,,A™G? = (41) 
Lettin 
A'T = (42) 


with assurance that A’” still has elements with all poles in the left 
s-plane (since G is stable), then the problem is reduced to solving 


[,,A’T ]}+ = [4,4 ]*. (43) 


This is again of the form of Eq. 23, the filter-solution minimization 
equation. If Eq. 43 may be solved by the methods of Sec. IV-A, the 
solution for A is then obtained by transposing both sides of Eq. 42 


so that 
A=G-"A’. (44) 


This is in agreement with the expected form of solution since the over- 
all transfer function from input to output then becomes 


GA =GG"1A' = A’ (45) 


as obtained from Eq. 43. 

Up to this point the cases which have been considered either have 
led to explicit solutions or have been reducible to a form in which the 
filter method of solution was directly applicable. When ®,, alone is 
diagonal, the control problem is reducible to a modified filter form. 
This represents the case for which a multivariable plant is subject to 
uncorrelated inputs. For such a system the matrix minimizing relation- 
ship may be written in the form 


[,,+A ]+ = (46) 


Now let 
A'T = @,,+AT 

and (47) 
= 


where it is apparent that A’” is physically realizable since #,,+ has ele- 
ments with all poles in the left-half s-plane. Substituting the expres- 
sions of Eq. 47 into Eq. 46, the result is 


}* = (48) 
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Equation 48 is again of the same general form as for the filter problem ; 
the difference is that here ®,, performs an operation on the columns of 
A’ while in the filter problem ®,, performs a similar operation on the 
rows of A. In the latter case an independent solution may be obtained 
for each row of A; in the former, each column of A’ may be indepen- 
dently determined. Thus, for uncorrelated inputs, the compensating 
matrix is separable on a column basis. Furthermore, it is clear that the 
explicit solution of Eq. 48 is given by 


AT= U{,,+}—[,a' }+U-, (49) 


when ®,,, which is Hermitian, satisfies the conditions set forth for ®,, in 
Sec. IV-A. 

Finally, when the matrices ®,, or &,, do not possess any of the special 
properties discussed above, Eq. 34 must be solved in its original form. 
In this form, a reduction to an equivalent filter problem is always 
possible. To show this it is more suitable to transpose both sides of 
Eq. 34 to give 


[®,,7A®,,7]+ = (50) 


Both #,,7 and #,,7 are, of course, still Hermitian. If ®,,7 alone oper- 
ated on A, the columns of A would have ®,,” as their coefficient matrix ; 
similarly, if ®,,7 alone operated on A, ®,, would be the coefficient matrix 
for the rows of A. Therefore, it is clear that both matrices operating 
on A simultaneously would produce a composite coefficient matrix 
which operates on both the rows and columns of A. 

A detailed expansion of the operations in Eq. 50 shows that it is 
always reducible to the form 


[KA}+ = (51) 


In Eq. 51 the matrices A and @,, are pg X 1 column matrices formed by 
arranging the elements of A and G74,,7, respectively, sequentially by 
rows. Also, the equivalent pq X pq coefficient matrix K is generated 
from the elements of the matrices ,, and ®,, by the procedure shown in 
detail in Fig. 3. In this procedure, the operation of matrix superposi- 
tion, {X © Y}, is used. This operation is defined as follows: Two 
matrices of the same dimensions are superposed by multiplying corre- 
sponding elements of each matrix to obtain the corresponding element 
of the new matrix. 

In Eq. 51 the matrix K plays the same role in the solution for all 
the elements of A as ®,, does in the filter solution for each row of A. 
Thus, when K satisfies the conditions set forth for #,, in Sec. IV-A, 


> 
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the solution for J is given directly by 


= (52) 


where U is now the modal matrix for K, and RK and $,, are the trans- 
formed versions of K and #,,, respectively. 


Fic. 3. Generation of the effective coefficient matrix K for the control problem. 


(s) 
$0.9, 9,9, 
: 
A A A 
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APPENDIX 


One of the simplest forms of two-input two-output multivariable filter problem will be 
examined to illustrate the explicit methods of solution. Figure 4 is a diagrammatic representa- 


4-s? 


1-s? 


(s)= 


RA-643,525-14 


Fic. 4. Block diagram for illustrative example. 


tion of the example. Each of the two inputs is composed of a message corrupted by white 
noise. The noises (m;) are uncorrelated to each other and to each message, while the messages 
(m;) are assumed to possess varying degrees of cross-correlation. The desired or ideal signal 
at the outputs are the messages themselves. The given data may be summarized as follows: 


(A-1) 


(S) = (S) + (S) 


rerz(S) = (S) + Pngng(S) 


k 
drn(s) = dmm(s) = 


(s) = (s). 


The permissible range in k may be determined in the following way. Since 


EL(Aim, + + +++ Xpmy)?] > 0 


then it follows that 


Pp 
>» => 0, (A-3) 


it 


where E[---] denotes the expected value of the quantity within the brackets. For p = 2, 
it can be verified that this leads to0 < k < 4.9. 
A solution is desired for values of k = 0 and k = 4.9. For k = 0 the explicit single- 


variable solutions may be obtained by direct substitution in Eq. 24 as follows: 


AT= (A-4) 


from which 


Using Eq. 22, it follows that 


= 1.0; = 2.0. (A-6) 


r, =m, + n, Cc, d,= m, 
(=) 
2 27 M2 3 
3 4— 5? 
1 1 —s? 
1 — s? 1 — s? 
(A-2) 
1 
s+2 
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For k = 4.9 the matrix transformation method will be demonstrated. In testing to 
determine whether the method may be applied, it is seen immediately that #,, = ®,,. To 
check that U has elements with no poles, the eigenvalues are obtained from the equation 


— AJ| = 0 (A-7) 
resulting in 
12 — s? 
Ai = Ae = 1. (A-8) 


Upon substituting in the original equations and normalizing the two orthogonal vectors which 
are used as columns of U, the result obtained is 
0.523 0.855 
U= (A-9) 
0.855 —0.523 


for which the elements have no poles. This assures that a valid solution may be obtained by 
the use of matrix transformation method. Now since 


11.05 
= = | 1-3? (A-10) 


substitution in Eq. 33 yields 


110 1.80 


0.675 1.10 
A =——— (A-12) 


The mean-square errors &)?(t)min and 62(t)min are NOW 


min 0.67 ; min 1.78. (A-13) 
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THE GREATEST INVENTION OF THEM ALL* 
BY 
HENRY B. DU PONT! 


There is, | suppose, no more appropriate place than The Franklin 
Institute for a discussion of technology. The Philadelphia Story is rich 
in technological history, for much of it was enacted—at least in its 
early stages—within a relatively short distance of this room. 

I am thinking not only of Dr. Franklin’s work. His contributions 
would be remarkable anywhere, any time. I am thinking as well of 
the astonishing number of other scientists and inventors who worked 
in or near Philadelphia in the early days of the country. 

There was the naturalist John Bartram and, a little later, John 
Audubon whose interest in ornithology began while he was living in 
Mill Grove, near Mount Carmel. There was Benjamin Rush, the 
physician. There was David Rittenhouse with his planetarium, and 
Owen Biddle with his telescope at Cape Henlopen. There was John 
Fitch, a transplanted Connecticut Yankee, puffing along the Schuylkill 
and the Delaware in a fire-breathing contraption called a steamboat. 
A few miles downstream, on Brandywine Creek, there was Oliver Evans 
who built a flour mill which operated almost without human attention. 
Among his neighbors was E. I. du Pont, recently arrived from France, 
who went into the powder business at the urging of Jefferson and made 
important contributions to the manufacture of explosives then badly 
needed to clear the forest lands, build the roads and defend the nation. 

There was Thomas Paine, remembered as the pamphleteer of the 
Revolution, but due equal honors for his engineering contributions. 
One of Paine’s more imaginative schemes was an engine driven by a 
continuous series of tiny gunpowder explosions, actually a sort of in- 
ternal combustion engine. Unfortunately, the “Internal Explosion 
Engine’ did not work out. I say “‘unfortunately’’ because the Du Pont 
Company was mighty close to bankruptcy for many of its early years, 
and a large-scale development in this field would have created a welcome 
new market. However, let us not criticize Citizen Paine for his mis- 
takes. He also developed the iron bridge and had some worthy thoughts 
about planing machines, cranes, and carriage-wheel construction. 

The list of Philadelphia contributors could be extended indefinitely, 
for, in the Eighteenth and Nineteenth Centuries, this small sector of the 


* The 1959 Edward G. Budd Lecture, delivered at the Stated Meeting of The Franklin 
Institute, Wednesday, April 15, 1959, in the Lecture Hall. 
Vice President, E. 1. du Pont de Nemours & Company, Wilmington, Delaware. 
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American geography was the home of dozens who were instrumental to 
the progress of technology. 

It could be argued that ‘‘technology”’ is not the word to use for the 
scientific contributions of a Franklin or a Bartram, so let me define my 
terms. Technology is much more than engineering. It is much more 
than invention, much more than the nuts and bolts, as is sometimes 
said. Technology, as I see it, is the sum total of man’s work in de- 
veloping the tools and techniques which lend léverage to human effort. 
Whether a man be a research scientist, or engineer, or an ‘‘inspired 
tinkerer’’ as some were called, he contributes to and is an integral part 
of the technology which has shaped this nation. 

America in 1800, despite its vast potential wealth, was one of the 
poorest of the have-not nations, although few nations of that day were 
well off. The natural resources which we know today were undeveloped, 
and many of them were unsuspected. In 1800, standards of living even 
for the well-to-do were crude and, for the mass of the population, they 
approached the hand-to-mouth level. Farming occupied the attention 
of more than 90 per cent of the population, and the primitive equipment 
used could have been recognized by any farmer from the time of Julius 
Caesar. Manufacture had hardly reached a level where it deserved the 
title ‘‘industry.”” In 1814, in a report prepared for the United States 
Senate, a Philadelphian named Tench Coxe estimated that the output 
of manufacturing in the United States came to a value of something less 
than $175 million a year. That meant an average of $35 worth of 
manufactured goods for each man, woman, and child in the population, 
hardly an impressive amount. 

The real poverty of the nation, however, lay in the inadequacy of its 
human resources to meet growing needs. Tench Coxe was among those 
who saw that technology held bold possibilities of enriching the nation, 
and he pleaded for the development of labor-saving machines to lift 
human burdens and increase output. Men simply could not be spared 
from the fields. Manpower was so scarce that, in a textile mill, for 
example, Mr. Coxe said that not more than one employee in eight could 
be an adult male; the rest of the work had to be done by women and 
children. Before we send Mr. Coxe to the pillory for suggestions which 
would shock us today, let me add that no less noble a man than Jefferson 
shared these views. Coxe was simply stating facts. Men were needed 
to raise food and could not be spared for manufacture. 

In such a restricted economy, there were obviously little money 
and little time to expend in research and development. The men whose 
enthusiasm carried them into science or engineering did so, for the most 
part, on their own initiative, just as we today might take music lessons 
or write poetry. But, for the necessities of life, they had to turn to 
other fields. Some of the most significant work done in America came 
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about as a result of the two-job practice we would now fescribe as 
“moonlighting.” 

Samuel Morse, for example, was a portrait painter by day and a 
scientist by night. John Fitch sold maps as he traveled the Eastern 
Seaboard looking for someone, anyone, to invest in his fire-breathing 
boat. Eli Whitney earned his living as a school master before he earned 
a nickel from his inventions. 

Joseph Henry, another part-time scientist, deplored the fact that his 
experiments had to be confined to the summer months when the school 
in which he taught was closed. Evans got along by operating a store, 
and Paine, who first had plied his trade as a staymaker, later eked out a 
living by his writing and political work. 

Few scientists were as well situated as Franklin whose early successes 
in publishing enabled him to live amid comforts while indulging his 
interest in such diverse subjects as the Gulf Stream, electricity, and 
bifocal spectacles. Most were obliged to expend so much of their 
energies to earning a livelihood that their most memorable achieve- 
ments were made on borrowed time. The strain told. Fitch died poor, 
by his own hand, broken by years of frustration and want. Elias Howe, 
while enduring hunger and privation, was worn out by toil and died at 
the age of 48. 

To add to the difficulties of these early technologists, poor communi- 
cation led to frequent duplication of effort, with the result that many 
things were invented several times by different people who were ignorant 
of each other’s work. When Eli Whitney set up his factory to make 
guns with interchangeable parts, he spent a large amount of time work- 
ing out machine tools which already had been developed, or at least 
anticipated, in other countries. He had no way of knowing that they 
even existed. Fitch worked for years on a double-acting steam engine, 
apparently ignorant of the fact that James Watt and Matthew Boulton 
had already solved many of the problems he faced. Oliver Evans 
started from scratch, and had no access to technical books, although 
many had been written in the fields in which he worked. Henry worked 
for six years on magnetism and electric currents before discovering that 
Faraday, an ocean away, was doing the same research. 

Inevitably, when two or more men brought forth the same discovery 
at approximately the same time, there were conflicting patent claims. 
This produced some of the stormiest and most extended legal battles in 
history. No doubt, it provided amusement for many interested spec- 
tators. But it was costly national fun because it dissipated the creative 
energies of men who could not easily be replaced or duplicated. Genius 
is too rare a commodity to be squandered lavishly or used inefficiently. 

Looking back at the conditions of the Eighteenth and Nineteenth 
Centuries, it should cause little wonder that technical progress came 
slowly. The marvel is that anything was accomplished at all, and our 
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respect and admiration for the talents and persistence of the men in- 
volved grow as we come to appreciate their handicaps. They earned 
every tribute we pay them. I cannot help but wonder how different 
our history might have been if these extraordinary minds had been un- 
leashed for full-time experiment and invention. 

If we were asked to construct a list of the technological developments 
most fundamental to America’s progress, it would be difficult indeed to 
single out any group upon which we could present a clear case. The 
nominations most meaningful would be those representative of broad 
application, spanning all categories of human need. 

For, the most notable thing about the technical development of 
America is that its Industrial Revolution was not confined mainly to 
manufacturing, as was the case in Europe. Instead, American tech- 
nical development was spread broadly across the entire economic and 
scientific field. The growth of our industrial technology was accom- 
panied by parallel gains in agriculture, in communications, and in 
transportation. There was no single stream of technological advance. 
Instead, America’s progress resulted from the converging of many 
streams, uniting to produce a flood tide of inventive achievement. 
In this great creative outpouring, it is difficult to identify any small 
group of inventions which would be judged outstanding in importance. 

Everyone has his own list of “‘greatest inventions,’”’ and every inven- 
tion has, I suppose, its partisans. My own list has three virtues to 
commend it. First, it is brief ; second, most of my selections are simple ; 
and third, it is based not on scientific preéminence, but on the universal 
importance to our Economic Revolution. 

I would include, for example, the steel plow. A humble device, 
perhaps—John Deere simply hammered it out of an old circular saw 
blade. But it speeded the work of the farmer and was the predecessor 
of a host of other labor-saving farm equipment—the reaper, the binder, 
the tractor, the combine. Some might argue that these were more 
significant and, in a way, they would be right. But the important 
thing about the steel plow is that it was the first in a long line of major 
advances which lifted man from the subsistence level of agriculture, 
thus freeing increasing numbers of people for other occupations. Im- 
proved farm tools, supplemented by insecticides, weed killers, fertilizers, 
and better planting and irrigation techniques, have multiplied the 
efficiency of the farmer by a factor of 25. 

Second, I include Oliver Evans’ wonderful flour mill, the precursor 
of automatic control. In terms of scientific merits, it was a modest ac- 
complishment. But it showed the world how a whole series of produc- 
tion operations could be linked together, driven by machinery, and 
tended by one or two men. All of the technologists who followed 
Evans, and the millions of consumers who use mass-produced goods, are 
eternally indebted to this extraordinary man. 
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The steam locomotive, of course, put power on wheels and gave man 
a wholly new mobility of special significance in a nation spanning such 
great distances. The locomotive was not unique to America, and it 
was more a compendium than an invention, but it should not be ruled 
out on that score. After all, no nation can claim many major inven- 
tions which are all its own, created without outside help. Technology 
is a cumulative force. To credit all of the people who made the loco- 
motive possible, we would have to track down the inventors of the lever, 
the wheel, and the inclined plane, not to mention the steam engine and 
similarly modern developments. Incidentally, some of the most im- 
portant contributions to railroad development came from this area. 
George Westinghouse, the inventor of the air brake, was a Pennsyl- 
vanian by adoption if not by birth. Matthias Baldwin, the locomotive 
builder and one of the men who helped found The Franklin Institute, 
was a Philadelphian. John Edgar Thompson who did as much as any 
man to build the Pennsylvania Railroad, was born and raised in Dela- 
ware County. In the hands of men like these, the railroad reached a 
high level of development in the United States and, with the vast dis- 
tances of the continent falling beneath its iron wheels, the locomotive 
counts more heavily in our history than many inventions we like to 
think of as 100 per cent home grown. 

Fourth on the list is the telegraph which presaged the telephone and 
did more to speed communication than any device since the printing 
press and movable type. 

I have mentioned here four basic inventions covering each of the 
major fields: There is a fifth which pertains to all. I think, in any 
list of inventions, we should include this one which, strictly speaking, is 
not an invention at all, but a legal fiction. Yet it seems to me to equal 
in importance any specific invention in history. This is the develop- 
ment of the modern corporation. 

The industrial corporation, as we know it today, is a creature of 
technology just as certainly as the flying machine or the cotton gin, and 
it has proved the most effective device for extending technology which 
man has ever known. Its contributions have been unique. 

For the modern industrial establishment is the agency which made 
the pursuit of technology a full-time job, and not for a few men, but for 
hundreds of thousands. Industry employs today more than 550,000 
scientists and engineers, a majority of the nation’s technical work force. 
Such figures amaze few today. But, in contrast to the struggling little 
band of amateurs of the early days, it is a vast army. 

Development of the industrial organization, as we now recognize 
it, came too late to aid the earlier inventors. In some ways, the 
“‘corporate”’ form of organization dates from medieval times, but it was 
not until the Twentieth Century that the corporation came into wide 
usage as the structural form of large-scale organization. In this cen- 
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tury, it has changed the world. It has provided a focal point for 
the development of technology, taking it out of the sideline class and 
making it a full-time profession. The corporation has brought to the 
support of technology an extraordinary number and variety of services 
and resources. In our own company, as an example, we have about 
2400 technically trained employees in research and development, 
assisted by more than 3500 specialists and technicians. Du Pont spent 
$90 million last year to underwrite their work. 

All the facilities which can be mustered are employed to assist the 
research worker and make his effort more productive. No longer does 
he work in ignorance of what others are doing: Today, few develop- 
ments throughout the world escape notice, for there is a constant inter- 
change of information, and scientists have major reference publications 
at their finger tips. Our own technical libraries stock over 800 differ- 
ent periodicals, and we have one divisional group whose sole function 
is to keep track of research discoveries elsewhere and pass on pertinent 
information. Whether new ideas originate in our own laboratories or 
elsewhere, they are eagerly studied and their applicability is quickly 
appraised. If one man’s experience is insufficient to evaluate the work, 
another’s frequently will prove admirable, offering, as it does, a different 
background and perspective. 

What is true in Du Pont is true in many other companies today. 
Large corporations consolidate information from many disciplines of 
science and engineering and bring to scientific development a breadth 
of vision extending far beyond any one man’s capacities. The indi- 
vidual scientist is stimulated and encouraged. His discoveries no 
longer are left to languish on the laboratory shelf while their creator 
goes out to search for a sponsor. 

In addition, the development of the modern corporation has created 
the national resources which support technology in many other types of 
institutions. The research efforts of universities, private foundations, 
and government laboratories contribute importantly to the advance- 
ment of American science and engineering, but these institutions could 
not exist were it not for the wealth generated by American industry. 

The size of the institutions furthering technology has become an 
important element in our progress. With its engineering and produc- 
tion resources, the modern industrial organization can direct large 
groups of technologists—people skilled in many areas of science—to 
projects no one individual technologist could undertake. For example, 
it is possible to produce penicillin in a one-man laboratory in quantities 
sufficient to save a few lives. Produced in major pharmaceutical plants, 
penicillin has saved the lives of millions. I remember from my early 
interest in flying that a number of enterprising individuals built airplanes 
in backyard garages. Perhaps some still do. They would be the first 
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to admit, however, that their efforts, in scale or in volume, are not quite 
comparable to the accomplishments of North American or Boeing. 

Some of my colleagues at Du Pont, given a few days’ notice and a 
small set of laboratory apparatus, could formulate a kind of nylon and 
spin a bobbin or two of yarn. But, to supply a national market, this 
would be like trying to feed an army with the grain you could raise in 
a flower pot. Moreover, the factor of size also has an important value 
to national defense. During World War II, for example, the govern- 
ment asked Du Pont to build the atomic materials plant at Hanford, 
Washington. More recently, we were asked to undertake the construc- 
tion of the Savannah River hydrogen-materials plant. These were per- 
haps the most ambitious engineering projects in history ; they could not 
have been completed without the services of a large institution employ- 
ing thousands of specialists in dozens of fields. 

Quite obviously, all of the technological efforts of companies like 
Du Pont are not of this magnitude. And, obviously, not all of the tech- 
nological jobs required for the nation’s advancement require large insti- 
tutions. Some of the most significant accomplishments have come, and 
will continue to come, from smaller organizations. In technology, as in 
other facets of American life, there is a need for business units of every 
size. Small firms supply companies like Du Pont with tools, materials, 
and special services which are basic to large-scale research and produc- 
tion efforts. At the same time, the small are important customers of 
the large, buying products which only the large firms can produce in a 
volume sufficient to meet national needs. Very often, the small firm 
makes its contribution to technology and finds its route to commercial 
success by developing and marketing a product created in the research 
laboratories of a large company. Thus, small and large business units 
work as a team to expand America’s technology, with each contributing 
its special talents. 

Four years ago, the Swiss economist, William Rappard, set down his 
views on the causes of America’s prosperity. Most important of all, 
he wrote, were the application of science to production, the “‘passion”’ 
for efficiency in industry, mass production to bring large quantities of 
goods to people at low cost, and the spirit of competition. It is worth 
noting that the development of large industrial units is a factor in each 
of Professor Rappard’s considerations. These organizations, con- 
solidating many talents, have provided to technology and the tech- 
nologist a whole new dimension of performance and potential. They 
have elevated the horizons of science and engineering, and they have 
literally extended man’s reach into the boundless areas of outer space. 

When the history of our era is written, the birth and development of 
the modern corporation must be recorded as a vital factor in our 
technological progress. Indeed, the corporation may well prove to be 
the greatest invention of them all. 
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OBLIQUE PERFORATION OF A THIN PLATE BY A 
TRUNCATED CONICAL PROJECTILE* 


BY 
MELVIN ZAID' AND BURTON PAUL? 


ABSTRACT 


The authors’ previous analyses of normal perforation of thin plate by high speed 
projectiles are generalized to include truncated cones, at oblique striking angles. A 
complete velocity-displacement history is obtained for the most general case. Results 
are presented in graphical form. 


I. NOMENCLATURE 


A(6**) = area swept out by meplat in plane of plate 
radius of projectile meplat 
radius of projectile body 
polar coordinates in plane of plate 
polar coordinates relating to slug in plane of plate 
= polar coordinates relating to projectile body in plane of 
plate 
= thickness of target plate 
integrals 
experimental coefficient 
distance from cone apex to meplat 
distance from cone apex to projectile body 
effective mass of target plate 
mass of projectile 
initial radius of generic element of target plate 
time 
= instantaneous projectile velocity 
striking velocity of projectile 
velocity lost by projectile during penetration 
weight of projectile 
coordinate axes related to projectile 
rotated coordinate axes related to plate 
semi-vertex angle of projectile cone 
weight density of target plate 
angle associated with reverse petal formation 


* The original results in this paper were obtained in the course of research sponsored by 
Pitman Dunn Laboratories, Frankford Arsenal, under Contract DAI-36-038-507-OR D-(P)- 
339 and published in progress reports 1 to 8 (Project HEAP) by Bulova Research and Develop- 
ment Laboratories, Inc., Woodside, N. Y. 

1 Technical Consultant, Plainview, N. Y. 

* Mechanical Engineering Department, Brown University, Providence, R. I. 
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angle associated with slug punching 
5*** = angle associated with petal separation 

£ = axial displacement of generic element of target plate® 
p = mass density of target plate 

@ = angle of obliquity 


II. INTRODUCTION 


In previous papers (1, 2, 3, 4)‘ a general method for the analysis of 
projectile penetration at normal incidence was presented. This an- 
alysis, based on a momentum technique, is valid for both thin and 
thick targets. The practical application of this technique requires that 
a realistic model of the kinematic process be visualized. Several such 
models have been proposed for thin targets and one that showed good 
correlation between experimental and theoretical results has been 
examined in detail. Recognizing that inertia effects predominate over 
material strength, at sufficiently high velocities, the target plate is con- 
ceived as an inert sheet with no resistance to bending. It seems de- 
sirable to extend this model to the more complex phenomenon of 
oblique penetration of thin plates by a truncated conical projectile. 
As would be expected, various results for oblique and normal perfora- 
tion by both the conical and truncated conical projectile can be ob- 
tained from the general solution derived in this paper. 


Ill. ASSUMPTIONS 


Although the present theory allows for the plate material to stretch 
circumferentially in order to conform to the projectile surface, it has 
been observed experimentally that such stretching does not occur. 
Instead, radial cracks appear which divide the target into a number of 
sectors, called petals, surrounding the center of impact. Although the 
following analysis is valid whether or not such behavior occurs, the 
inclusion of the concept of petalling aids in an intuitive understanding 
of the perforation process. 

The kinematic model to be investigated is characterized completely 
by the following four assumptions: 


1. All target elements conform to the surface of the projectile so 
long as the force between the projectile and the particular element is 
compressive. 

2. All particles in the petal are assumed to move parallel to the 
generators of the cone. 

3. No significant radial stretching of the petals occurs. 

4. The projectile velocity vector remains invariant during the 
entire perforation process. 


4 The boldface numbers in parentheses refer to the references appended to this paper. 


in 
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SE 3 The subscripts f, 7 refer to forward and rearward motion, respectively. ; 
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The second statement in assumption (1) follows from the fact that 
the direction of the compressive force between the projectile and petal 
element is essentially invariant, so that Newton's law becomes 


5 (Petal momentum) = F (1) 
in the direction of the force. Since this force F must be non-negative 
at all times during the contact, it follows that the petal element momen- 
tum is either constant or monotonically increasing in the direction of 
the force vector. In the event that a geometric constraint inherent in 
the model requires a decrease in the numerical value of the momentum 
in the petal element, it will be assumed that the element separates 
from the projectile with its maximum momentum and remains sepa- 
rated. The actual phenomenon that this separation replaces is much 
more complicated, since it involves petal rotation combined with a 
partial contact between the projectile and petal. In addition, it is 
conceivable that because of strength effects, a separated petal can re- 
establish contact with the projectile. In this investigation, these 
added effects will be considered negligible. 

An alternate way of stating the first assumption is that the projectile 
velocity is sufficiently great so that plastic and elastic waves cannot 
escape radially from the projectile ogive. In the case under considera- 
tion, since the deformation of the petal elements is much greater than 
the elastic deformation in the immediate region of the projectile, it is 
adequate to take the projectile velocity sufficiently large so that the 
plastic waves cannot escape radially from the projectile cone. 

Assumption (1) leads to the conclusion that the meplat’ will punch 
out all the undeformed plate in its path. This result has been discussed 
earlier (4), and will be referrred to as ‘‘slug punching.” 

Assumption (1) leads to the ambiguity that any petal element can 
take two possible positions (rearward or forward) on the projectile 
surface, as shown in Fig. 1. Since, as will be shown, the petal element 
translates parallel to itself at constant velocity, the only force (Fi 


5 The meplat is the flat surface on the projectile nose. 


ww 
E, p’ REARWARD PETAL 
CLEMENT 
FORWARD PETAL 
ELEMENT 
A 
\\& 
Fic. 1. 


OBLIQUE PERFORATION OF A THIN PLATE 27 


July, 1959.] 


or F;) on the element is that which is required to change the velocity 
of the incremental mass (£,) from zero to the velocity of the petal 
already in motion (£.). Hence this force must act at the root, as 
shown in Fig. 1. From this it is concluded that the petal will initially 
move and continue in the same direction as the force Fi or F, The 
forces F, and F; are made up of two components: one normal to the 
projectile surface and the other a friction component, parallel to the 
surface. It has been shown (5) that the coefficient of friction is very 
small because of local melting, so that the forces Fi, F: are essentially 
normal to the projectile profile. Thus, neglecting friction, the petal 
will take the direction that has a minimum angle of rotation 6 from the 
undeformed to final position. This is also the deformation pattern by 
which the plate absorbs a minimum amount of bending energy. The 
energy lost due to crack formation is essentially independent of 8,.and 
because of these cracks the strain energy due to circumferential stretch- 
ing is essentially zero. Thus a minimum angle of rotation 8 corresponds 
to a minimum amount of total energy absorbed by the plate. This 
seems to be an intuitively reasonable deformation mode and will be used 
throughout this section. 

Such forward and backward petalling as shown in Fig. 1 has been 
observed in many actual firings. At the present time, however, there 
is no experimental evidence as to the exact value of 8 for which backward 
or forward rotation just occurs. 

Assumption (2) is made for reasons of mathematical simplicity. 

Assumption (3) has been verified in several cases by rolling back the 
petals of the deformed plate after perforation. 

Assumption (4) is not exactly true but has been made for reasons 
of mathematical simplicity. In the case of thin plates, it is expected 
to be quite accurate and, if required, it can be refined by calculating the 
force-time history on the projectile during perforation, and deducing a 
new projectile path and velocity-time relationship. By such an itera- 
tive procedure the more correct projectile path, forces, velocities, etc., 
can finally be obtained. 
IV. CLASSIFICATION OF PERFORATION PROCESS 
a. Impact Obliquity 

High obliquity perforation is characterized by the existence of some 
rearward petal elements. Low obliquity impact has no rearward petal 
elements. By the proper consideration of 8 associated with assump- 
tion (1), the limits for each type of impact can be expressed mathe- 
matically as 
Low obliquity : 0<a-—¢< 7/2 —2¢6 (2) 
High obliquity : 0<¢-—a < 7/2 — 2a (3) 
r/2<o+a. (4) 


Very high obliquity : 


‘ 
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A graphical presentation which aids in the physical understanding 
of these limits is shown in Fig. 2. The region of very high obliquity 
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Fic. 2. Type of obliquity classification. 


will not be discussed in this paper. The lines of constant 6* indicated 
in the region of high obliquity will be discussed in the section on petal 
formation. 


b. Degree of Perforation 
The following classification for degree of perforation is illustrated 
in Fig. 3. 


Phase I: _ slug formation starts, petal elements begin to form. 
Phase II: slug has been completely formed, petals conform to conical 
profile around entire periphery. 


July, 1959. | OBLIQUE PERFORATION OF A THIN PLATE 


SEPARATION 
AND POSSIBLE 


SPALL 
PHASE IV 


PHASE 


29 

| G a 

Fic. 3. 
q 

GENERIC 

TARGET 
PHASE I | 
Fic, 4. 


30 MELVIN ZAID AND Burton PAUL (J. F.1. 


Phase III: slug is partially or completely formed, petal formation con- 
tinues, petal separation and possible petal rupture (spall) 
starts. 

Phase IV: petal formation has ended, petal separation and spall forma- 
tion are well under way. 


Phase II does not exist in certain cases of projectiles with very short 
noses. Phases I and III are not mutually exclusive, but may occur 
simultaneously for projectiles with very short noses. 

With reference to Fig. 4 the penetration distance of the projectile is 
taken as the distance measured along the cone axis from the target to 
the cone apex. This distance is x;, the subscript indicating the ap- 
propriate phase. The phase limits are: 


x» <1, —a,tan@ (5) 
l,—a,tan@g< x, </,+a,tan@g (6) 
1, +a,tang@g </; —a;tan@d (7) 
lz; —a;tan@ < X11 </3; + a;tan@g (8) 
l; + a; tan@ < (9) 


V. SLUG PUNCHING 


Only that part of phase I which pertains to the punching out of a 
slug will be examined in this section. From assumption (1), a slug will 
be formed by the intersection of a cylinder of radius a, and the target 
plate. At any projectile position x, the swept-out area A (6**) will be a 
segment of an ellipse. At x = X1max the complete ellipse will have been 
punched out. Since the meplat is a circle this slug will extend beyond 
the meplat periphery. 

a. It is noted from Fig. 5 that 6**(x), the angle which marks the 
start of the unpunched slug, is given by 


a’ (5**) sin a’ (8**) sin 


The quantity a’(6) is determined by the parametric equations: 


=a’'sin 6 


11 
z =a’ cos6 (1) 

and the equation for the ellipse: 
Oy (12) 


(a;/cos a, 


where 


a, = 1, tana, (13) 
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Equations 11 and 12 can be combined to yield: 


a; 
(1 — sin? 6 sin? (14) 
By substitution of Eqs. 13 and 14 into 10, there results 
sin 6** = x1 (15) 
sin tant a + (2 1) 
1 
JS 
\ 
\ 
+ 
SECTION A-A 
Fic. 5. 
From Eqs. 5 and 13, 
1 —tan¢gtana <— <1+tan¢tana. (16) 


From Eqs. 2 and 3 it is seen that the maximum range of x;/1, is 


(17) 
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The variation of 6** is 


The termination of phase I is indicated by 6** = 7/2. Figure 6 is 
a graph of sin @ sin 6** over the entire range of x;/l;. 


8"* vs. PENETRATION DISTANCE x 


sing sin8** 


Fic. 6. 6** versus penetration distance x. 


b. The area A (6**) is given by 


A(é**) = 2 — 3a’?(6**) sin (—)d** cos (19) 


Using Eq. 14 in Eq. 19 results in 


A(s**) = a3 7/2 + tan~' (cos ¢ tan 5**) sin 6** cos 6** _ | (20) 


cos @ 1 — sin? @ sin? 6** 


10 a=0 — a 10° 

6 | | | 50° 
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When 6** = 2/2 at the end of phase I, 


Ta 
21 
2 cos 
which is the area of the ellipse. 
c. The mass of the slug in motion at any position x; is given by 


As discussed in a previous paper (4), the velocity of this slug is 
taken as 
= 1 K < (23) 


where K is an experimental constant. (A reasonable value of K for 
T 2024 aluminum target and a hardened steel projectile is K = 1.2.) 
The momentum transferred to the slug during phase I is 


Mommy Kph,V.A (6**) (24) 


and for x > Xtmax it is 


Momus = (25) 


VI. PETAL FORMATION 


Phase II and only those parts of phase I which deal with the petal 
while in intimate contact with the projectile will be examined in this 
section. 


| PLANE OF TARGET 
PLANE OF PLATE (ELLIPSE 'DC’) 
MEPLAT 


AL 
4F 
PLANE 1 TO x AXIS 
(CIRCLE 'BC') 


Figure 7 is a three-dimensional drawing of one quadrant of the 
truncated cone. The quarter circle BC is formed by the intersection of 
the cone and the plane normal to the cone axis. The quarter ellipse 
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DC is formed by the intersection of the target and the cone. AP con- 
nects the cone vertex and the generic point P on the ellipse DC. The 
plane AOP passes through the cone axis and the line AP. 

a. With reference to Fig. 7, following the reasoning that leads to 
Eqs. 2, 3 and 4, the conditions for forward or rearward petal move- 
ment are 


Forward petal : a-rA>0 (26) 
Rearward petal : 


Thus the angle \* that separates the regions of forward and rearward 
petalling is given by 


=a. (27) 


By consideration of the geometry associated with Fig. 7, the follow- 
ing relationship is obtained : 


(28) 


Using Eq. 27 in 28, 
(29) 


The plot of 6*(a, isshown in Fig. 2. It isnoted that 0 < 6* < 1/2 
in all cases. For ¢ = a, 6* = 7/2. For ¢@ < a, a low obliquity condi- 
tion, Eq. 29 does not hold and is replaced by 6* = 7/2. 

The forward, rearward petal criterion becomes: 


Forward petal : 5 < 6*| (30) 
Rearward petal: 6 > 


Figure 8 illustrates Eqs. 30. 


PROJECTILE 
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b. With reference to Fig. 7, the radius a in the plane of the target 
is obtained from 


(31) 
sin /OFP sin 


where 


OP =a 
OF 


x tana 


(32) 


ZOFP 


LOPF => +a-.. 


By substitution of Eqs. 28 and 32 in Eq. 31, there results 


x tana (33) 
(1 — sin? ¢ sin? 6)'/? + tanasin ¢@ sin 6 


a= 


With reference to Fig. 9, the incremental petal element mass dM is 


dM = phdA = ph, (“5*) dé, (34) 


where the petal element is defined as the material included by the angle 
dé on the deformed target plate. 

c. To obtain the velocity ~ of a generic particle in the deformed 
target, assumptions (1), (2) and (3) are used. The deformation 
pattern is then as shown in Fig. 9. These are cross sections showing the 


/ 
(0-1,)cos a / ja’ |® 
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jo = 
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forward and rearward petal movement in the plane AOP. 
From Fig. 9a, the forward particle displacement is 


= (a — ry)(cosa + sind). (35) 
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Following the motion of a generic particle: *, = 0, and by assumption 
(2) and Eq. 28, } = 0. Thus 


= d(cosa + sin A) = v(cosa + sin dA) (36) 


Substitution of Eqs. 28 and 33 into 36 leads to 


___ tana (sin a sin 6 + cos a) 
(1 — sin? @ sin? 6)'/”? + tan asin ¢ sin 6 


=v 


From Fig. 9) the rearward particle displacement is 
— § = (a — ro)(cosa@ — sin d) 
and, by the same considerations as for the forward particle, 


(sin @ sin 6 — cos a) (39) 
(1 — sin? @ sin? 6)'/? + tan asin ¢ sin 6 


i, =v 


It is noted that the axial particle velocities are independent of 7, and 
hence are constant along any cone generator. Since the petal forms 
along a straight line, it follows that it must move with constant velocity. 

d. To evaluate the petal momentum, it is necessary to account for 
several possible phenomena. In order to expedite this task a new 
angle 6*** will be defined. 6*** is the value of 6 which marks the start 
of the region of petal element separation from the projectile. This 
value will be calculated in the section on petal separation, where it is 


shown that separation always starts at 6*** = — 7 and increases as 


perforation progresses. 
Figure 10 shows petal configurations at various stages of the 


perforation process during phase III. For simplicity, the petals are 
not drawn in detail 


For 6*** = — 4 these figures represent phase I ; and for 6*** = — 4 


é** = > they represent phase II. Because of the existence of rearward 
petalling, all these figures illustrate high obliquity perforation. The 


mathematical description of the phase criteria is as follows: 


2 


: 
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Low Obliquity : 
High Obliquity : 
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PROFILE PROFILE PROFILE REARWARD 


SEPARATES FROM PETAL 


PROFILE CONFORMS 
FORWARD PETAL FORWARD PETAL 
CONFORMS TO 


PROFILE REARWARD PETAL 
SEPARATES FROM 
PROFILE 
-%, 8" <8" <%, -%, o<8"< %, 
a. b. 


Fic. 10. 


The most general expression for the axial momentum of petals con- 
forming to the profile is 


6** 


which applies for — (see Fig. 100). Using 
Eqs. 14, 33, 34, 37 and 39 in 40, this becomes 


pha, tan a [(1 — sin? sin? + tana sin ¢ sin 


Momyetais  _ sin @ sin + cosa 


sin @ sind + cosa 
[(1 — sin? sin? + tana sin sin 6 ][1 — sin? ¢ sin? 5] 


+ (7) sin @ sin — cosa as 
(1 — sin? ¢ sin? 6)? + tanasin¢ sind} 


i+ sin sind — cosa 
— sin? ¢ sin? 6)"? + tanasingsin — sin? 


dé 
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For the case of — (see Fig. 10a), let 6* — 6** 


in Eq. 41. For the case of 0 < * < *** < OF < % (see Fig. 10c), let 


5* — §*** in this equation. 
Equation 41 contains four basic integrals which can be defined as 


i sin @ sin 6 + cosa 
1, = J. [(1 — sin? sin? 6)? + tana sin ¢ sin 
»_ sin @ sind + cosa 
[iz(a, = — sin? ¢ sin? + tana sin sin 6 ][1 — sin? ¢ sin? 75)” 


(42) 


sin ¢ sin’ — cosa 
[is(a, ¢) — ¢ sin? + tan e sin ¢ sin 
sin @ sin — cosa 
= [(1 — sin? ¢ sin? + tana sin sin 6J[1 — sin? ¢ sin? 6] ds, 


Because of the combinations in which these integrals occur, the work 
can be simplified by further defining 


[Is(a, Ja ¢) + [I3(a, (43) 


Using Eqs. 42 and 43, Eq. 41 becomes 


ph tan a l; LIs(a, [Is(a, d) (44) 


which holds for any combination of 6*, 6**, 5***. 


VU. PETAL SEPARATION 


In this section a criterion for evaluation of 6*** will be established. 
Then the exact expression for 6*** and the associated petal momentum 
will be derived. 

a. Theorem: Each petal element, defined by its position 6, starts to 
separate from the extended cone generator at the instant the base 
circle intersects the target plane at the position 6 associated with that 
particular element. The base circle is defined by the intersection of the 
cylindrical and conical parts of the projectile. 

Proof: The discussion associated with assumption (1) leads to the 
separation criterion 


| Mom yetais| < Q (45) 


Since é is independent of x for a moving particle, all petal elements 
travel with constant momentum. Thus the petal element momentum 
increases only because of increasing petal element mass. With reference 


= 
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to Fig. .11, since the mass of the forward petal increases until the base 
circle and target intersect, no separation can occur before that event. 
Equation 45 is the precise definition of separation, so that even though 
the rearward petal has a region out of contact with the cone (in its 
dotted position), it is not classified as separated. In fact, since there 


Fic. 11. 


are no retarding forces on the particles in this non-touching region, 
these particles continue with constant velocity and remain on the cone 
generator extension. Thus the rearward petal cannot separate before 
the base circle intersects the target plane. 

It is now only necessary to show that the petals are separated im- 
mediately after this intersection. If this is so, it can be concluded that 
the separation occurs at the time of intersection. It is obvious that no 
further consideration need be given to the rearward petals because after 


d 
the base circle passes through the target di | Momyetais| = 0 and remains 


so. Also, it is apparent from Fig. 11 that there is no physical contact 
with the projectile. 

Because of the constant body radius of the projectile the forward 
petal element mass must remain constant after intersection if no separa- 
tion occurs. Hence separation will be proven by first assuming no 
separation and then showing that particle by particle the velocities will 


4 
4, 
x 
In Z 
Ar \ A = = 
\ 
\ BASE CIRCLE 
vA 
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\ 
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be lower after intersection. This will lead to a decrease in momentum 
and a contradiction of the assumption of no separation. 

With reference to Fig. 11, the velocity for particle P; is obtained in 
the following manner: 


In an interval of time Af the projectile will advance a distance vAt to 
the position indicated by the broken lines in Fig. 11. The petal material 
originally included in region AB will now be found in region AB’. 
Similarly, the material included within region BP;, moves to region 
B’P,’. Since no stretching of the petal element occurs, it is evident that 
the points B, P,, P,’, B’ lie at the vertices of a parallelogram. There- 
fore the generic particle at P; has precisely the same motion as the 
particle at B. Therefore the projection of P,P,’ on the axis of the cone 
is equal to that of BB’. Thus 


= vAt(1 a) 


and 
fimp, = v(1 — cos a). (46) 


furp, = 0. (47) 


For particle 


Thus since 


(48) 


it is only necessary to show that 


(49) 


in order to prove separation. 

If the equality sign holds in both Eqs. 48 and 49, the question of 
separation becomes indeterminate. By Eqs. 37, 46 and 49 the condi- 
tion to be proven becomes 


tan a(sin ¢ sin 6 + cos a) 
dl (1 — sin? sin? + tan asin ¢ sin 6 


where 


<i< 


0O<@< 


A new variable » is defined as 


= sing@siné, —1<7<1 (51) 


Equation 50 becomes 


tan a(n + cos a) 
(1 — + tana (52) 


(1 — cosa) < 
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Examination of Eq. 52 reveals that no relative maximum exists. Using 
the values at the end points of — 1 < » < 1, the inequality becomes 


1—cosa <1+ (53) 
n 


and thus only at » = — 1 does the possibility of the equality exist. 

n = —1 implies that @= 7/2, 6 = — 7/2, a=0. For this 
physically unrealizable and trivial case, the question of separation is 
indeterminate. In every other situation the inequality (53) is valid 
and leads to the conclusion that separation occurs as hypothesized. 
As discussed in conjunction with aa ncaa (1), it is assumed that 
contact is not re-established. 

b. The value of 5*** is determined from the intersection of the base 
circle and the target. With reference to Fig. 11, this requires that 


a; tan |\***| — (1, — x) = 0 


or using Eq. 28, 


x 


sin alt tan? a + - 


By comparison of this equation with (15), it is seen that Fig. 6 also 
represents a plot of sin ¢ sin 6*** against x11;//;._ Furthermore, Eqs. 8 
and 16 indicate that x111//; has the same range as x;//;. 

c. The value of the petal momentum at separation is the total 
momentum transferred to the non-separated petal. Thus since 
f1r1 = &11 = £, the momentum in the separated petal is 


sin 6*** = 


(54) 


5* 


where é, and é, are given by Eqs. 37 and 39, respectively, and dMyj11 is 
obtained from Eq. 34 as 


dMi11 = ph, = ) as (56) 


When 6*** < 6*, let 6* = 6*** in Eq. 55. 
By reasoning similar to that leading to Eq. 14 


a3 
(1 — sin? 6 sin? @)!/” 


a’’(6) = (57) 


RE 
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Thus Eq. 15 can be written as: 
tana J-z/2 [(1 —sin? ¢ sin? a sin sin 6] 1 —sin? ¢ 5] 


sin ¢ sin ’—cos a 


+ [(1—sin? ¢ sin? 6)/*+tan asin ¢ sin 6 ][1 —sin? ¢ sin? 6] (58) 


By the definitions for 72, J, and J, of Eqs. 42 and 43, this becomes 


Mom.,., 
= ‘ 
ph,(a;? — a,2)v tana [Is(a, 6) 69) 


Gla,¢,8) cos*¢ 


Gla,¢,8)cos*@ VS. 8 FOR a=20° 
| | 


| 
4 
| 
| 
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VIII. PROJECTILE VELOCITY-DISTANCE RELATIONSHIP 
By consideration of conservation of momentum within the zone of 
action, 
Momeots 
m 


Av (60) 
where = Momsiug + Momyetais + Momey. 


cos*@ vs 8 FOR a=20° 


cos*¢ 
’2 
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Using Eqs. 23, 44 and 59 in Eq. 60, and considering Av < v,, the 
following equation for velocity change is obtained : 


W_ Av_ KA(8**) ( x 
yhavtanav, a, tana i, [Zs(a, 
[hla + (2) 61 


The term ( ba 


¢) can be obtained from the function 


3.2 
| 
4 
“4-20 2 4 6 2 14 
8 
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G(a, ¢, 6**), which is plotted® in Fig. 12 fora = 20°. G(a, ¢, 6**) is de- 
fined as 


G(a, ¢, 6**) = 2(1 — tana tan ¢)*[Is(a, ¢) 


By comparison of Eqs. 15 and 54, it is seen that these graphs also 
represent the function G(a, ¢, 6***). The following relationship is 
useful in obtaining J;(a, ¢) from graphs for G(a, ¢, 6): 


G(a, ¢, 8***). (63) 


The integral [J¢(a, ¢) }’,/2 is plotted’ in Fig. 13 for a = 20°. The 
values for both G(a, ¢,6) and Is(a,¢) were obtained by numerical 
integration. 

The total velocity drop is 


W A total K , ‘ 
= + i| [Ie(a, ¢) vide (64) 


yh a: tana 2, tan a cos @ 


[Ie(a, is plotted in Fig. 14. 


For the case of zero obliquity the integrals 


w/2 
[Is(a, 0) [Ie(a, 0) 
reduce to 7 cos a, and the velocity drop becomes: 


K+ sina 1j; A<x<kh, @=0 (65) 


which leads to 


® See HEAP Progress Report No. 8, Bulova Research and Development Laboratories, 
15 July, 1956, U. S. Army Contract DAI-36-038-507-ORD(P)-339 for complete graphs of 
G(a, ¢, 5**). 

7See HEAP Progress Report No. 8, Bulova Research and Development Laboratories, 
15 July, 1956, U. S. Army Contract DAI-36-038-507-ORD(P)-339 for complete graphs of 
I¢(a, >). 
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[1,(a,¢)] ? vs. ANGLE OF OBLIQUITY ¢ 


FOR VARIOUS CONE ANGLES a 
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32 
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NOTE ON DIFFERENCE EQUATION APPROXIMATIONS OF 
LAPLACE’S EQUATION* 


BY 
DONALD GREENSPAN! 


SUMMARY 


In the numerical solution of Dirichlet problems, one popular technique involves 
replacement of Laplace’s equation by a difference equation approximation. This 
note completes a short series of papers on best difference equation approximations. 


1, INTRODUCTION 


In recent years, the development of the high speed computer has 
revitalized the study of elliptic partial differential equations. In the 
case of Dirichlet problems, a popular numerical method replaces the 
Laplace equation by a difference equation and the region under con- 
sideration by a grid (1).?_ If the grid is one such that the grid size h, in 
the x-direction, is not necessarily the same as the grid size d, in the y-di- 
rection, then the following results concerning difference equation ap- 
proximations of Laplace’s equation are known. 

The equation 


(u2+us) =0, p=h/d (1) 


is a best 5-point approximation in that (a) it is the only third order 
analogue, and (6) no fourth order, 5-point, allowable analogue exists (2). 


This result is independent of whether h and d are equal or not. 
If h = d, the equation 


(2) 


is a best nine-point approximation in that (a) it is the only seventh 
order analogue, and (b) no eighth order, nine-point, allowable analogue 
exists (3, 4). 

If h ¥ d, then the equation 


— 20uo + + Ue + Us + Uy) + + + + Us = O 


(u:+us)-+2 + (ust tus) = 0 (3) 


* This work was done while the author was a summer faculty associate of the Transport 
Division, Mathematical Services Unit, Boeing Airplane Company, Renton, Washington. 

1 Department of Mathematics and Statistics, Purdue University, Lafayette, Ind. 

? The boldface numbers in parentheses refer to the references appended to this paper. 
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is a fifth order approximation and no sixth order, allowable analogue 
exists (5). 

The object, then, of this note is to show, finally, and in an elementary 
way, that Eq. 3 is also a best analogue, when h # d, in that (a) no sixth 
order analogue exists, and (b) no other allowable, fifth order analogue 
can exist which is different from Eq. 3, that is, no other allowable, fifth 
order difference approximation can exist which differs from Eq. 3 except 
by a multiplicative constant. As part (a@) was proved in (5), we 
proceed in the spirit of that reference and use its definitions and ideas 
to establish part (0). 

2. DISCUSSION 


The following notation is used throughout : 


1 omtny 
™"m'n! dxmdy”’ (4) 
h=pd (h>0,p>0,d>0), (5) 


Up=Uu(x,y), u2=u(x, ytd), us;=u(x—h,y), 
us=(x,y—d), us=u(x+h, y+d), 
uUg=u(x—h, y+d), u;=u(x—h, y—d), 
Us=u(x+h, y—d). (6) 
Furthermore, it is assumed throughout that the mesh ratio p is a 
constant, that is, regardless of the individual magnitudes of / and d, 


it is assumed that h/d is always the same. 
Since u(x, y) is harmonic 


omtntiy omtntiy 
Ox™dy"*? 


for m, n non-negative integers. In terms of the A,,,, the relationships 
of Eq. 7 may be enumerated, after some manipulation (3), as follows: 


=0 (7) 


Axo = — Ao» A32 = — 2Ai4 
1 

Azo = — A23 = — 10Ao; 

Ago = Aos Asi = Ais 

— Ai; = 15Ao,6 (8) 
1 

Ao: = — A33 = PAu 

1 
Ayo = Ao. = — 15Ao.6 


Agi = 5A 0,5 


: 
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Now let 


(9) 


It was shown in (5) by use of Taylor series and Eqs. 4 and 5 that 
Eq. 9 can be rewritten as follows: 


L(u) = Ao, 
+d{ A, 
+A, } 
Ao, o[ —aip?+a2—asp*+as+ (1 —p*) (astastaztas) | 
} 


+d of —aip?+azp?+ (3 —p?) (as—as—az+as) | 


+d*{A 1, 3(p — p*) (as—asta; — as) 
+A 0, —6p?+ 1) (astasta;tas |} 


4 A, sLoipt—asp*+ (pt — 10p?+5) (as —as—az+as) 


+A, (5p*— 10p?+1) (as t+as—az—as) +0(d*). (10) 


Define now the set A* to be the set whose elements are Ao,o, 41,0, 
A 0, ly A 1, 1» A 0, 25 A 1, 2» A 0, 3) A 1, 3) A 0, 4) A i. @ A 0,5 and consider the following , 
table which relates various harmonic functions to the elements of A*. 


Harmonic Function Values of Elements of A* at (0, 0) 
l.u=1 All zero except A 0,0 
2u=y All zero except Ao,1 
3. u=% All zero except 
4.u=xy All zero except 


All zero except Ao,» 


All zero except Aj,» 


All zero except 


U. FL 

0 : 
4 5. u = x? — 
6.u= 
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_ xy 


xy? x? 


All zero except 


yt 


9u= All zero except o,4 
10. u = ss 120 All zero except A1,4 
5 3-2 4 
11. u = + All zero except Ao,5 


If one lets (x, y) = (0, 0) and considers the first harmonic function 
above, then Eq. 10 reduces to 


L(u) = Ao, o(ao + ai + a2 + ay + ay + 5 + + + as). 


If one wishes to make L(u) of order five in d, it must follow then, since 
Ao, is constant, that 


ay + ai + a2 + a3 + a4 + a5 + as +; + = €; = O(A5). 


Using this idea on each of the harmonic functions listed above, it 
follows that if Eq. 10 is to be of order five in d, that each of the 
following equations must be satisfied : 


= =0(d*) (11) 


(12) 


= €,=0(d°) 


(13) 


= =(0(d*) 


(1 — p*) (as = €,=0(d*) (14) 


(15) 
(16) 


= 0(d*) 


—aip?+asp*+ (3 — p*) (as—as—a7+as) = = 0(d*) 


a2— (1 —3p?) (ast+as—az—as) = €; = 0(d*) (17) 


(pt— 6p? +1) (astastar+as) =es=O0(d?) (18) 


(p*— 10p?+5) (as —ag—az +as) = =(0(d) (19) 


(20) 


(Spt— 10p?+ 1 ) (as t+as—az—as) = €19 =()(d). 


2 
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However, since 


— + — 10%) = 


(10 — 5p") + (Sp? 7) = en (22) 


it follows that one need only consider Eqs. 11-18, subject to these fur- 
ther restrictions in the e¢,’s. The solution of the system (11-18), in 


terms of ao, is given by: 


a, = [30p*(p* + 1) }'[3p°(5 — — ao) 

+ Sp?(p? + 1)(3 — p*)es + 3p?(p? — — Sp?(p? + 1) es + 3p'es ] 
a, = [30p*(p? + 1) — 1)(€1 — ao) 

— 5(p? + 1)(1 — 3p*)es + 3(6p? — + 5(p? + + Ses] 
as = [30p*(p? + 1) — p*)(€1 — ao) 

— + 1)(3 — + 3p?(p? — + Sp*(p? + 1) es + 3pres ] 
a, = [30p*(p? + 1) — 1)(e1 — ao) 

+ 5(p? + 1)(1 — 3p*)es + 3(6p? — les — 5(p? + I)er + 3es] 

as = 3[30p*(p? + 1) }-"[3p?(p? + 1)(e1 — ao) 

+ Sp*(p? + + + 1)es — 3(p? + 1)(p? — I) es 

+ 15p(p? + 1)es + + — 5(p? + — 3(p* + 
as = + + 1) — 

— Sp*(p? + + 5(p? + — 3(p? + 1)(p? — 

— 15p?(p? + 1)es — Sp?(p? + 1)es — S(p? + 1)er — 3(p? + 1)es] 
a; = 3[30p*(p? + 1) }'[3p?(p? + 1)(€1 — ao) 

— Sp*(p? + — S(p? + — 3(p? + 1)(p? — 

+ 15p*(p? + 1)es — 5p*(p? + Aes + + 1)er — 3(p? + 1)es] 
as = 3[30p*(p* + 1) }'[3p*(p? + — ao) 

+ Sp*(p? + — S(p? + 1)es — + 1)(p? 
— 15p*(p? + les + 5p*(p? + Les + 5(p? + — 3(p? + Les]. 


ety 
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Substitution of these latter values into Eq. 9 and recombination yields: 


L(u) =(30p*(1+p*) a +p?) —3p?(5 — p*) (ui tus) 


+l — p*) (ui +us) (Sp? — 1) (u2+u4) 


+ef (3—p?) (u1—U;) tu) | 


5(p? 


(23) 
2 


(ust | 


ted Us) +- 
5(p?+1) 
2 


3(p? 


However, from the Taylor series, in p and d only, for “1, 2, U3, Us, Us, 
Us, Uz, Us (5), Eq. 23 may be rewritten as 


L(u) = [30p*(p* + {ao | + 1) 


— 3p?(S — p*)(ur + us) — 3p?(Sp? — 1)(u2 + us) 


3p%(p +1) 
2 


+ €.:0(d) + €;-0(d) + €,-0(d*) + €5-0(d*) + 


(us + ue | + 


+ €;:0(d*) + (24) 


| 


F. 
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From the definition of the e;’s, however, Eq. 24 may be rewritten as 


L(u) = [30p%(p? + ao | + 1) 


— 3p?(5 — p*)(u, + us) — 3p?(5p* — 1)(u2 + wa) 


However, from Eq. 10, it follows that 


L(u) = O(d*). 


(26) 


Finally, from Eqs. 25 and 26 it follows that 


[30p?(p* + 1) + 1) 
— 3p?(5 — p*)(u; + us) — 3p?(Sp? — 1)(u2 + 
(us + Ue + uz + = 0(d*). (27) 


2 


Hence, if one is to have a difference approximation which is of fifth 
order, it follows from Eq. 27 that it must be of the form 


[30p2(p? + | + 1) 
— 3p?(5 — p*)(u1 + us) — 3p?(5p? — 1)(w2 + us) 


(us + Ue + Uz + us)|| = 0, 


which is equivalent, by means of a multiplicative constant, to Eq. 3, 
as was to be proved. 
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CREEP STRESSES AND STRAINS IN AN AXIALLY LOADED 
PLATE WITH A HOLE* 


BY 
JOSEPH MARIN! 


SUMMARY 


This paper develops an approximate method for determining the stresses and 
strains in a plate with a circular hole subjected to axial tension and accompanied by 
creep (Fig. 1). Plates with holes subjected to creep are found in bolted and riveted 
connections of aircraft and other constructions operating at elevated temperatures. 
Lack of symmetry makes an exact analysis of this problem difficult. For this reason 
an approximate theory was developed. 


INTRODUCTION 


In considering possible methods of determining the creep stress 
distribution in an axially loaded plate with a circular hole, methods used 
for plastic stress distribution as given in (1)? and (3) were reviewed. 
The complexities of the ‘‘exact’’ methods used for the plastic range and 
the additional difficulties encountered in the case of creep discouraged 
the writer from using an ‘‘exact’’ method. For these reasons, the 
following approximate method of solution was developed. 


STRESSES IN A PLATE WITH A HOLE AXIALLY LOADED AND ACCOMPANIED BY CREEP 


An approximate method of determining the creep-stress distribu- 
tion across the net sections AB and CD of the plate in Fig. 1 will first 
be developed. The stress on sections AB and CD can be found by 
considering forces acting on the ring AEDF. Since this ring is sym- 
metrically loaded, only one quadrant of the ring, as shown in Fig. 2, 
need be considered. The applied forces F in Fig. 1 will produce axial 
forces of varying magnitude over the circular boundary AE of Fig. 2. 
In addition to these forces, reactions M,) and N>» are applied over the 
cross-section, AB. The ring sector in Fig. 2 may now be considered as 
a curved bar fixed at cross-section EG and subjected to vertical forces 
over the arc AE and to forces My and N, at cross-section AB. The 
force No can be determined by statics. However, the moment M, is 
statically indeterminate and its value can be obtained from the con- 
dition that there is no relative rotation between cross-sections AB 


and EG. 


* The study reported in this paper was made possible through the sponsorship and financial 


assistance of Wright Air Development Center. 
1 Department of Engineering Mechanics, The Pennsylvania State University, University 


Park, Pa. 
? The boldface numbers in parentheses refer to the references appended to this paper. 
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F= pDb 
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Determination of Mo 
Figure 3 shows a differential length of the curved bar in Fig. 2 


corresponding to an angle dg. The problem, therefore, reduces to 
finding the creep stresses in a curved bar subjected to bending and axial 
loading. To determine these stresses, it is first necessary to realize 
that the neutral and centroidal axis of the beam cross-section do not 
coincide. If the distance between these axes is y, then for plane cross- 
sections to remain plane 


PO = (y — y)Adg = «.(r — y)do 


CROSS - SECTION 
CENTROIDAL AXIS 


: 

/ yong, \ 

/ \ AS 

\ \ / | : 

\ ‘ / | if | 

AXIS 

Me 

Fic. 2. 

: | 

Lin 
| da 
4 
3 

Ade! 

\ / e 
Fic. 3. 
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ue (a) 


= the unit elongation for the fiber at distance y 
relative rotation of the beam cross-sections for the differential 
length of beam selected 
radius defining the centroidal axis 
distance from the fiber to the centroidal axis. 


A creep strain-stress-time relation for simple tension and compres- 
sion must now be selected. Many creep relations of this type have been 
proposed. In this paper, it will be assumed that the creep strain-stress- 
time relations for tension and compression are the same and are de- 
fied by 

= kyo." + — e-**)o," + Bo,"t (1) 
or 
= ko," (2) 


k = (ki + — + Be] (3) 


t = the time 
o, = the stress 
e, = the strain 
q, B and g = material constants 
e = the base for natural logarithms 
k = the time function defined by Eq. 3. 


The creep relation defined by Eq. 1 has been found to give a good 
approximation to test data (4). The representation of creep deforma- 
tion by the three components corresponding to the three terms on the 
right side of Eq. 1 is also in agreement with physical concepts of creep 
as discussed by Orowan (5). Compared to other creep relations, Eq. 1 
has the advantage that it leads to simpler mathematical formulations 
in the mechanics of creep. Because of the five experimental constants 
in Eq. 1, it also gives a better fit with test data than can be achieved 
with relations using fewer constants. Combining Eqs. a and 2 


Considering equilibrium of forces on cross-sections in Fig. 3 produced 
by the moment M,, 


f oda = (), or, dé bdy 


or 
where 
y 
where 
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= M,, or, bydy = M,. (d) 
be r-y k 


For a differential length d¢ in Fig. 2, the resultant rotation due to the 
moments M, and M,’ = N,v is 


— Ney)"de 
(1) 
k 
To determine the statically determinate moment Mo, the condition will 


be used that there is no relative rotation of the cross-section AB with 
respect to cross-section EG (Fig. 2). That is 


Add = (e) 


f f (M, — Nyy)"do = 0. (f) 


In order to integrate Eq. f, M, and Nz must be expressed in terms 
of ¢. Considering the free-body diagram of section AOH of Fig. 2, as 
shown in Fig. 4, the summation of moments about section HI defines 


M, in terms of My. That is, 


= f° sin con (2 cos] 


M, = My + (#22) 2) (1 — cos? ¢). (h) 


pb 
Ne 
3 | 
sinn 
M, 
Ne = pDb 
Fic. 4. 
or 
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The summation of the forces in the direction of the normal force NV, gives 


Nz = Nocos? 
where 


Placing values of M, and N, from Eqs. / and 7 in Eq. f, 
h D 
f [ar. + No (1 — cos? — Noy cost d@ = 0, (5) 


Eq. 5 could be used to determine MM, provided the location of the neutral 
axis, as defined by y, were known. The value of y can be obtained by 
rewriting Eq. c as follows, 


Equation 6 can be solved for y/r for different values of m and h/r. To 
determine y/r, a series expansion method of evaluating the integral or a 
graphical method can be used. With y known, Eq. 5 can be employed 
to evaluate the moment My. Equation 5 can be rewritten as 


(A — B cos’ = 0 
0 


_ Mo h 1 ) 
a= 4r 2 
Placing cos? ¢ = (1 + cos 2¢)/2 in Eq. j, 


cos 29 do = 


2 
Letting 26 = x, A — -= =aand — “4 = b, Eq. 1 becomes, 


(a + bcos x)"dx = 0 
0 


— j) — 23)! 


n 


No =* 2 (4) 
where 
Q) 
or 
j= n 
: > (m) 


(J. 
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Equation m can now be solved for a for different values of , h/r and 
b = — B/2. With values ofaknown, A = B/2 + acan be determined 
and hence by Eq. k, Mo/(Nor) evaluated. These calculations show that 


for all values of 1, 
M, 1 Y h 
2-5) 


Nor 
Equation 7 can now be used to determine M>. 


Determination of Stresses 


With the statically indeterminate moment M, known, the stress o, 
can now be found. For this purpose, the equations of equilibrium (c) 
and (d) can be applied to the cross-section AB in Fig. 2, provided + is 
replaced by some other quantity éo. That is, for cross-section AB, 


fea No or || do bdy = No (n) 


—h/2 


Placing the value of Ad¢/d¢ from Eq. n in Eq. o, 


— 0 y— 


Equation 8 can be solved graphically for eo/r for different values of n 
and h/r. Another method of finding e is to evaluate the integrals in 
Eq. 8 by expanding the term (1 — y/r)~' in Eq. 8 into a series and se- 
lecting a few terms of this series. 

With e, known, the unit rotation Ad¢/d¢ is completely defined by 


Eq. n or 


Ad 
EF (p) 


do (2=*)" | 
bdy 


The stress for any point on the cross-section AB can now be found 
from Eq. 6, provided that in Eq. 6, y is replaced by eo and Ad¢/d¢ is 
replaced by its value given in Eq. p. Then 


r—y 
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The maximum stress for AB occurs at the inner edge B where y = h/r 
and r — y =a. Then by Eq. 9, o = (6,) max, OF, 


(10) 


where éo is evaluated by Eq. 8 and the integral in Eq. 10 can be found 
graphically or by expansion of the term under the integral into a series. 
Equation 10 can be written as 


(11) 


(22: 
a 


The nominal stress for the cross-section is 


2Qbh’ 


on 
Then, by definition, the stress concentration factor is 


(14) 


By means of Eqs. 12 and 14 values of f can be found for various values 
of h/r and n. Table I gives values of f for various representative 
values of h/r and n. 


TABLE I.—Stress Concentration Factors f. 
Values of h/r 
1.5 1.0 0.5 
2.60 255 3.85 
1.68 1.87 2.14 


1.44 1.39 2.68 
1.34 1.30 1.19 


h 1/n pDb 

| 
a bd | 

where 

| 
o h 
on r 
1 

| 


JoserpH Marin 


CREEP STRAIN AT INNER EDGE OF HOLE 


The creep strain at the inner edge of the hole can be found by 
placing the stress value defined by Eq. 10 in Eq. 2. Then 


(kpDb)(h — 2e) 
nz fy — 
Since the integral in Eq. 15 can be evaluated by graphical or other 
means, the creep strain can be obtained. 


CONCLUSION 


This paper develops an approximate theory for the creep stresses 
and strains in a plate with a circular hole subjected to an axial tensile 
load. 
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THE FRANKLIN INSTITUTE 


MEMBERSHIP 


GOLD MEMBERS FOR 1959 HONORED 


On May 20, 1959, the Institute paid tribute to four members who, in 1959, are celebrating 
fifty years of continuous membership. The new Gold Members are Theobald F. Clark, 
Walton Clark, Sr., James McGowan, Jr., and T. Edward Ross. 

A reception honoring them and Fred H. Colvin, the senior Gold Member (class of '88), 
preceded the dinner and Stated Meeting. At the reception, the three new Gold Members 
present signed the Institute’s Distinguished-Guest Book. 

During the dinner, Wynn Laurence LePage, President, introduced the honored guests. 
At the Stated Meeting following the dinner, Morton Gibbons-Neff, Chairman of the Member- 
ship Committee, formally presented the four new Gold Members to the President, who con- 
gratulated them and gave them gold keys and gold membership cards. Judge Walton Clark, 
Sr., was unable to attend the festivities, so his key and membership card were given to his 
brother, Theobald F. Clark, another of the new Gold Members. 


BIOGRAPHICAL SKETCHES OF THE NEW GOLD MEMBERS 


THEOBALD F. CLARK 


Theobald F. Clark of Chalfont, Pa., spent 43 years with the United Gas Improvement 
Company of Philadelphia. For 25 years, Mr. Clark was superintendent of Station A, 31st and 
Passyunk Ave., of the Gas Works Division. Before his retirement in January, 1957, Mr. Clark 
was Engineer of Construction for the Production Department. 

Born November 29, 1889, in Chestnut Hill, Mr. Clark is the son of the late Dr. Walton 
and Louise Beauvais Clark. His father was President of The Franklin Institute from 1907 to 
1923. Mr. Clark attended Chestnut Hill Academy. He graduated from Princeton University 
with a Civil Engineering degree in 1911 and from the University of Pennsylvania with a 
Mechanical Engineering degree in 1914. 

He is a member of the Chalfont Burough Planning Commission, American Society of 
Mechanical Engineers, American Gas Association and the Pennsylvania Gas Association. 


WALTON CLARK, SR. 


Judge Walton Clark, Sr., of Darien, Conn., became the Presiding Judge of Darien’s 
Probate Court in 1949. His previous positions ranged from timekeeper in the Klondike to 
attorney-at-law. 

Judge Clark was born July 4, 1887, in Chicago. He is a brother of Theobald F. Clark. 
Judge Clark attended Philadelphia’s Chestnut Hill Academy and the Central Manual Training 
School. He was graduated from Princeton University in 1908 and received his degree in law 
from the University of Pennsylvania in 1912. 

Admitted to the Pennsylvania Bar in 1912, Judge Clark later was admitted to the bar in 
Oklahoma, New York and Connecticut. Judge Clark served as an attorney for several firms 
in Philadelphia, Tulsa and New York City, before opening his own practice in Darien, in 1946. 

Judge Clark was an instructor at the Air-Mar Navigation Night School held at The 
Franklin Institute, 1943-1944, and a physics instructor at The Thomas School, Rowayton, 
Conn., 1947-1953. 
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James McGowan, Jr. 


James McGowan, Jr., of Beach Haven, N. J., a member of the Board of Managers of 
The Franklin Institute, has spent his 50-year career with the Campbell Soup Company. In 
1908, he joined the company as a chemist. By 1946, he was President and in 1950 he was 
elected Chairman of the Board. Mr. McGowan retired in November, 1958. 

Born February 8, 1886, in Milton of Campsie, Stirling, Scotland, Mr. McGowan was 
graduated from the Massachusetts Institute of Technology in 1908. 

Mr. McGowan has served The Franklin Institute in various capacities during his 50-year 
membership. In addition to being a member of the Board of Managers, he presently is a 
member of the Membership Committee, Buildings and Grounds Committee and the Research 
and Development Committee. 

Mr. McGowan serves either as trustee or member of the board for several educational and 
business organizations. In the past, he has served the Federal Government on various com- 
mittees concerned with nutrition. 


T. Epwarp Ross 


T. Edward Ross of Ardmore, Pa., has been a member of the American Institute of Certified 
Public Accountants for over a half century. He is a charter member of the Pennsylvania 
Institute of Certified Public Accountants. 

Born November 18, 1887, in Northern Ireland, Mr. Ross attended school in Ontario, 
Canada, where his father was a school official. 

He started his accounting career with John Heins in 1887. He became a partner of the 
firm Heins, Whelen, Lybrand & Co., in 1892. Six years later, he helped to found the firm of 
Lybrand, Ross Bros. & Montgomery, with which the still is affiliated. 

Mr. Ross has served the Pennsylvania Institute of Certified Public Accountants in various 
official capacities including that of President. For many years, he has served the American 
Institute of Certified Public Accountants as chairman of the Committee on History. 


At the 1959 Gold Member reception, T. Edward Ross signs the guest book. Watching (I. to r.) 
are Theobald F. Clark, Morton Gibbons-Neff, Fred H. Colvin and James McGowan, Jr. 
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NEW MEMBERS 


The following elections were approved on June 4, 1959 by the Membership Committee 
by authority given to it by the Board of Managers. 


ANNUAL 


Harry V. Armitage Myron H. Halpern J. S. McAdoo 
Souren Avakian Howard A. Harner, III Henry W. McCard 


Colin Richard Barber James I. Harper Charles F. McClurg 
Frederic R. Benson Carl J. Hesch R. M. McCormick 
James E. Bentley Frank P. Houpt J. David McKannan 
Arnold B. Blander Albert M. Kane Albert A. Melly 
Walton Brand Lubomyr Kociuba Paul D. Mercado 

G. Lupton Broomell, Jr. Dimitrios Kollias John H. Moore 
Arthur J. Burke Ernest Kurkjian Joseph F. Ridgway 
Robert D. Carpenter Louis F. Leidholdt William J. Southwell 
Ralph C. Carson, Jr. Alexander Lengyel Miller J. Sullivan 

R. J. Desenberg Edward R. Loveland Manuel Tama 

Karl L. Dietrich John J. Lotz Mario Tama 
Andrzej Dobrowolski Winfield R. MacKeeby John G. Thomas 
Andrew E. Gal Ronald H. Macpherson John L. Thornley 
Leo Goldstein Nicholas Maropis Charles F. Wahlig 
Theodore S. Gordon Thomas J. Matcovich Leonard W. Williams 


EDUCATOR 
Samuel I. Askovitz Robert D. Stout William G. Wolfgang 


NON-RESIDENT 
Martin Sandler 


Leroy Hooper 


NECROLOGY 


Archibald F. Borbeck ’52 D. Edward McAllister ’55 Edward H. Reuss, Jr. ’36 
Alexander Henry, Jr. ’53 Carl F. Norberg '43 Henry N. Schramm "46 
William M. Huggins ’55 Charles M. Putney '42 Ritner K. Walling '50 
Eugene J. Kopp ’50 Gustave T. Reich '51 Daniel J. Walsh ’51 


LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members may wish to contribute. Contributions will be gratefully acknowledged and placed 
in the Library. Duplicates received will be transferred to other libraries as gifts of the donor. 
455 items have been added the past month. 

Photostat service. Photostat prints of any material in the collections can be supplied 
on request. 

The Library and reading room are open from 9 A.M. until 5 P.M. on Mondays, Tuesdays, 
Thursdays, and Fridays; 2 p.m. until 10 P.M. on Wednesdays; and from 9 a.m. until Noon on 
Saturdays. 


RECENT ADDITIONS 
AERONAUTICS 


Horr, NICHOLAS JOHN, ED. High Temperature Effects in Aircraft Structure. 1958. 
LAMBERMONT, PAUL AND PIRIE, ANTHONY. Helicopters and Autogyros of the World. 1959. 
MILNE-THOMSON, Louis MELVILLE. Theoretical Aerodynamics. Ed. 3. 1958. 
SCHLICHTING, HERMANN AND TRUCKENBRODT, E. Aerodynamik des Flugzeuges. Vol. 1. 
1959. 
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ARCHITECTURE AND BUILDING 


BuRKHARDT, CHARLES H. Residential and Commercial Air Conditioning. 1959. 


ASTRONOMY 


JARDETZKY,WENCESLAS S. Theories of Figures of Celestial Bodies. 1958. 
Oprx, Ernst Jutius. Physics of Meteor Flight in the Atmosphere. 1958. 


ATOMIC ENERGY 


LANSDELL, NORMAN. The Atom and the Energy Revolution. 1958. 


BIOGRAPHY 


Hunter, Darp. My Life with Paper; an Autobiography. 1958. 
Watson-Watt, ROBERT ALEXANDER. The Pulse of Radar: the Autobiography of Sir Robert 
Watson-Watt. 1959. 


CHEMISTRY AND CHEMICAL TECHNOLOGY 


BayER, Ernst. Gaschromatographie. 1959. 

BREZINA, MIROSLAV AND ZUMAN, PETR. Polarography in Medicine, Biochemistry, and 
Pharmacy. 1958. 

CHALLENGER, FREDERICK. Aspects of the Organic Chemistry of Sulphur. 1959. 

DANIELLI, JAMES FREDERIC; PANKHURST, K. G. A. AND RippiForp, A. C., ED. Surface 
Phenomena in Chemistry and Biology. 1958. 

Dixon, W. T. AND FisHer, A. W. Chemical Engineering in Industry. 1958. 

Evers, NORMAN AND CALDWELL, DENNIS. The Chemistry of Drugs. Ed. 3. 1959. 

Gorpon, Louis; SALUTSKY, MURRELL L. AND WILLARD, Hopart H. Precipitation from 
Homogeneous Solution. 1959. 

GRAHAM, RONALD POWELL AND CRAGG, LAURENCE HaroLp. The Essentials of Chemistry. 
1959. 

Jones, A. G. Analytical Chemistry. 1959. 

NEBERGALL, WILLIAM HARRISON AND SCHMIDT, FREDERIC C. General Chemistry. 1959. 

RosBerts, JoHN D. Nuclear Magnetic Resonance; Applications to Organic Chemistry. 1959. 

SHRADER, ROBERT L. Electronic Communication. 1959. 

SOCIETY FOR ANALYTICAL CHEMISTRY. SCOTTISH SECTION. Proceedings of the Congress on 
Modern Analytical Chemistry in Industry . . . 1957. 1958. 


COMPUTERS 


MAaNDL, MATTHEW. Fundamentals of Digital Computers. 1958. 
SmitH, V.L. Electronic Digital Computers. 1959. 


DICTIONARIES 
WarRREN, ALLAN. Dansk-Engelsk Teknisk Ordbog. Ed. 2. 1957. 


ELECTRICITY AND ELECTRICAL ENGINEERING 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. Proceedings of the Electronic Components 
Conference, 1950. 1958. 

CARROLL, JOHN MILLAR. Modern Transistor Circuits. 1959. 

ERICKSON, WILLIAM H. AND Bryant, NELSON H. Electrical Engineering, Theory and 
Practice. Ed. 2. 1959. 

HAMILTON, J. J. Reflex Klystrons. 1959. 

INSTITUTE OF PRINTED Circuits. How to Design and Specify Printed Circuits. n.d. 

Logs, LEonarD B. Static Electrification. 1958. 

MiITcHELL, F. H. Fundamentals of Electronics. 1951. 

RuopeEs, DoNALD R._ Introduction to Monopulse. 1959. 
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RYDER, JOHN DouG.as. 
SANDRETTO, PETER C. Electronic Avigation Engineering. 1958. 


ENGINEERING 
DiLiio, CHARLES C. AND NyE, Epwin P. Thermal Engineering. 1959. 
Orr, CLYDE AND DALLAVALLE, J. M. Fine Particle Measurement. 1959. 


GEOLOGY 


JOHANNSEN, ALBERT. 
1958. 
HISTORY 


BURICKSON, SHERWIN. 


INDUSTRIAL MANAGEMENT 


MELMAN, SEyMouR. Decision-making and Productivity. 1958. 


INFORMATION STORAGE AND RETRIEVAL 
Punched Cards. Ed. 2. 1958. 


CasEY, ROBERT SABERT AND OTHERS, ED. 


Notation. 1958. 


MANUFACTURE 
Filler Metals for Joining. 1959. 


BARNETT, ORVILLE T. 


MATHEMATICS 


ANDREE, RICHARD VERNON. 
Data-Processing Machine. 1958. 
BUSEMANN, HERBERT. Convex Surfaces. 1958. 


FuLLER, Gorpon. Plane Trigonometry. Ed. 2. 1959. 

HALL, MARSHALL. The Theory of Groups. 1959. 

Lewin, L. Dilogarithms and Associated Functions. 1958. 

Lipson, H. AND TayLor, C. A. Fourier Transforms and X-ray Diffraction. 


Partial Differential Equations. 1958. 
Pitt, Tauberian Theorems. 1958. 
MECHANICAL ENGINEERING 


JupGE, ARTHUR W. Gas Turbines for Aircraft. 1959. 
SLAYMAKER, ROBERT RiInGLEy. Mechanical Design and Analysis. 1959. 


METALLURGY 


AMERICAN SOCIETY FOR METALS. SOUTHWESTERN METAL CONGRESS. 


for Aircraft. 1958. 
Guy, ALBERT G. Elements of Physical Metallurgy. Ed. 2. 1959. 


Electronic Fundamentals and Applications. Ed. 2. 


ZIMMERMAN, HENRY J. AND MATSON, SAMUEL J. Electronic Circuit Theory. 


Concise Dictionary of Contemporary History. 1959. 


1959. 


1959. 


FINNIE, IAIN AND HELLER, WILLIAM R. Creep of Engineering Materials. 1959. 


Descriptive Petrography of the Igneous Rocks. Ed. 2. 


BowMaN, Epwarp H. AND FETTER, RoBERT B. Analysis of Industrial Operations. 


PERRY, JAMES WHITNEY AND KENT, ALLEN. Tools for Machine Literature Searching. 
INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY. COMMISSION ON CODIFICATION, 
CIPHERING, AND PUNCHED CARD TECHNIQUES. A Proposed International Chemical 


Programming the IBM 650 Magnetic Drum Computer and 


Conference on Differential Equations. Proceedings; University of Maryland, 1955. 


1958. 


NOBEL, BENJAMIN. Methods Based on the Wiener-Hopf Technique for the Solution of 


High Strength Steels 


RAYNOR, GEOFFREY VINCENT. The Physical Metallurgy of Magnesium and Its Alloys. 1959. 


Vol. 1-4. 


1959. 


1958. 


1956. 
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NUCLEAR ENGINEERING 


Handbook of the Atomic Energy Industry. 1958. 
Hotsincton, Davip B. Nucleonics Fundamentals. 1959. 


PETROLEUM TECHNOLOGY 
HENGSTEBECK, R. J. Petroleum Processing. 1959. 
PHOTOGRAPHY 


Hunt, R. W.G. The Reproductioa of Colour. 1957. 
Scuwipersky, K. An Outline of Photogrammetry. 1959. 


PHYSICS 


CRANDALL, STEPHEN H., ED. Random Vibration. 1958. 

ConsTANT, F. WoopsripGE. Theoretical Physics. 1954. 

Fano, UGo AnD Fano, L. Basic Physics of Atoms and Molecules. 1959. 

HEISKANEN, WEIKKO ALEKSANTERI AND VENING MEINESz, F. A. The Earth and Its Gravity. 
1958. 

HoLton, GERALD JAMES AND ROLLER, DUANE H. D. Foundations of Modern Physical 
Science. 1958. 

INTERNATIONAL SYMPOSIUM ON TRANSPORT PROCESSES IN STATISTICAL MECHANICS. BRUSSELS. 
1956. Proceedings. 1958. 

Jewiey, J. V. Cerenkov Radiation and its Applications. 1958. 

Knauss, Haro_p P. Discovering Physics. 1951. 

MELE, Sitvio. Le Basi della Meccanica. Vol. 1. 1955. 

MeErIAM, JAMES L. Mechanics. Ed. 2. Vol. 1-2. 1959. 

Pat, Sutu-I. Introduction to the Theory of Compressible Flow. 1959. 

PANOFSKY, WOLFGANG Kurt HERMANN AND PHILLIPS, MELBA. Classical Electricity and 
Magnetism. 1955. 

Pauli, WOLFGANG. Theory of Relativity. 1958. 

RANDALL, RoBERT H. An Introduction to Acoustics. 1951. 

RUECHARDT, Epuarp. Light; Visible and Invisible. 1958. 


PLASTICS 
NEUMANN, J. ALEX AND Bockuorr, FRANK J. Welding of Plastics. 1959. 
PaQguin, ALFRED Max. Epoxyverbendungen und Epoxyharze. 1958. 
SCIENCE 
KEMENY, JOHN G. A Philosopher Looks at Science. 1959. 
Mupry, Philosophy of Atomic Physics. 1958. 
SaRTON, GEORGE. A History of Science. 1959. 
SUGAR 
TIMOSHENKO, VLADIMIR PrRoKOPovicH. ‘The World's Sugar. 1957. 


wooD 


UniTepD Nations. Foop AND AGRICULTURE ORGANIZATION. World Forest Products Statis- 
tics; a Ten-Year Summary, 1946-1955. 1958. 
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COMMITTEE ON SCIENCE AND THE ARTS 


(Abstract of Proceedings of Stated Meeting held Wednesday, June 10, 1959.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, JUNE 10, 1959. 


Dr. Wittiam G. Scumipt in the Chair. 
The following reports were presented for final action: 
No. 3335: Pottermeter. 


This report recommended the award of an Edward Longstreth Medal to David M. Potter, 
Jr., of Union, New Jersey, “In consideration of the increased sensitivity and greater accuracy 
of an improved type of rotary flow meter developed by a unique application of the Venturi 
principle to balance the end thrust force to produce a free floating rotation free from the drag 
of end thrust.” 


No. 3359: Henderson Medal. 


This report recommended the award of the George R. Henderson Medal to the Electro- 
Motive Division of the General Motors Corporation, of LaGrange, Illinois, ‘For the conception 
and demonstration of the feasibility of utilizing Diesel-electric locomotives on a wide scale in 
this country and for the design, development, standardization, production and servicing of 
these locomotives.” 


No. 3360: Clamer Medal. 


This report recommended the award of the Francis J. Clamer Medal to Morris Cohen, 
of Cambridge, Massachusetts, ‘‘For his assiduous investigation and lucid exposition of the 
physical metallurgy of the’ heat treatment of steels as well as for a continuously high order 
of excellence of researches and publications covering the entire field of physical metallurgy.” 


No. 3361: Clark Medal. 


This report recommended the award of the Walton Clark Medal to George G. Oberfell, 
of Bartlesville, Oklahoma, ‘In consideration of his significant contributions to the development 
of liquid petroleum (LP) gas as a source of domestic fuel.” 

D. S. FAHRNEY, 
Secretary to Committee 
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SWITCHING CirRcuITs (WITH COMPUTER ApP- 
PLICATIONS), by Watts S. Humphrey, Jr. 
264 pages, 6 X 9in. New York, McGraw- 
Hill Book Co., Inc., 1958. Price, $8.50. 


The author's objective is to provide a grad- 
uate text and an aid to the practicing design 
engineer, particularly in the systems field, with 
a secondary objective of presenting enough 
theoretical material to enable the student to 
understand new methods as they become 
available. 

Chapter 1, Introduction, describes the bi- 
nary number-representation system, including 
square-rooting, with brief references to denary 
(base-10) and octonary (base-8) systems, and 
the binary representation of numbers in 
counters realized by transistor flip-flops. 

Chapter 2, Boolean Algebra, presents the 
class calculus interpretation using the arith- 
metic symbolism with “‘+’’assetunion. The 
development begins with Venn diagrams and 
immediately introduces the concept of min- 
term and maxterm. It is unfortunate that 
these new expressions have been introduced 
since they are equivalent to the notion of atom 
and coatom already in use by Boolean alge- 
braists. The laws of the class calculus are de- 
veloped heuristically on the basis of the Venn 
diagrams rather than axiomatically, un- 
doubtedly the best way for motivating the 
student. 

Chapter 3, Relay Control Networks, con- 
siders combinational networks: “‘an algebraic 
expression can be written from a circuit and 
conversely a circuit can be constructed from 
an algebraic expression,”’ and this fact is illus- 
trated by examples showing that equivalent 
Boolean expressions correspond to equivalent 
series-parallel nets. The section on bridge 
networks gives examples of such nets, without, 
however, any algorithm for finding them or for 
verifying their design. A section entitled 
Complementary Networks considers topological 
duals that realize truth functions which are 
negations of each other, utilizing the trans- 
formation of a general four-node bridge. A 
useful ad hoc trick is given for realizing a 
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three-terminal net such that for two terminals, 

one is always conducting to a common termi- 
nal, while the other is always open-circuited to 
common. The concluding section on relay 
trees scratches the surface of this important 
subject. 

Chapter 4, Coding, considers a subject not 
properly part of switching theory, although it 
presents design problems to motivate the stu- 
dent thereof, especially in computer applica- 
tions. The topics considered include permu- 
tations and combinations, probability, choice 
of base, binary-coded languages for base-10 
(2 out of 5, XS-3, 8-4-2-1) and their error- 
detecting capabilities, mod-9 checks (the re- 
viewer was scandalized to see the open arrow 
of implication used here) and parity checks 
and their error probabilities, error-correcting 
codes. The coverage is broad but not deep, 
and the selection of topics eminently sound. 

Chapter 5, Minimizing Aids, deals with 
graphical methods for finding prime impli- 
cants, here called ‘‘factors,’’ and disjunctive 
normalforms. Karnaugh maps are explained 
in terms of Euler-Venn diagrams and illus- 
trated for 3 and 4 variables. Don’t-care cases 
are considered and the process of finding prime 
implicates leading to a conjunctive normal 
form (referred to as factoring zeros and taking 
the negative). The reviewer feels that the 
explanation in terms of dual normal forms 
should have been mentioned also. The chap- 
ter concludes with an ingenious extension of 
the Karnaugh map to 5 and 6 variables, and a 
method of applying the distributive law to 
normal forms (called multilevel factoring by 
the author) by an inspection of the map— 
similar in spirit to finding prime implicants. 

Chapter 6, Circuit Logic, considers several 
realistic design examples of combinational nets 
made up either of diode and and or circuits, or 
else of transistors. Only one type of transis- 
tor circuit is considered, that in which transis- 
tors are connected in series-parallel configura- 
tions and behave similarly to on-off relay 
contacts, except the control is via the base 
connection and the current flow is inherently 
unidirectional. 
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It is shown how diode gates can be cascaded, 
especially in two levels, to realize normal 
forms, and the concept of diode count is 
introduced. 

The section on transistor logic requires more 
engineering knowledge of transistors than the 
sections on diodes and relays did of their 
physical counterparts. This seems unfortu- 
nate since transistor circuits are less well 
known than the others. The explanations are 
confusing because no polarities are shown on 
the diagrams and the signal states are not 
defined. 

Chapter 7, Boolean Matrices, considers them 
as a shorthand for describing the connectivity 
of all terminal nodes of a general non-series- 
parallel controlled-contact network. A use- 
ful bag of tricks for simplifying such nets, 
centering around the techniques of node in- 
sertion and elimination, is presented. Some 
of these methods are basically wye-delta 
transformations. 

Chapter 8, Bilateral Networks, commences 
by suggesting how to determine a lower bound 
to the number of springs required to realize a 
truth function by a controlled contact network 
and carries thru some syntheses using methods 
described in the preceding chapter. General 
networks of magnetic cores are then con- 
sidered. Each core is viewed as a 2-terminal 
switching device that acts like a rectifier ex- 
cept the low-impedance direction is controlled 
by the orientation of core magnetization and 
hence ultimately by the control winding. 
This leads directly to nets which are amenable 
to treatment via matrices that are no longer 
symmetrical (off-diagonal terms occurring in 
codual pairs) and the previous matrix tech- 
nique can be applied with minor changes. 
The combined effect of diodes and cores to 
eliminate sneak paths is also considered. This 
chapter contains much interesting original 
material. 

Chapter 9, Cascaded Networks, covers the 
problem of designing iterative or recursive 
nets using chains of identical cells. Serial bi- 
nary adders and modulo-3 remainder circuits 
are designed using relays, transistors, diode 
gating with and without clocking and invert- 
ing amplifiers. The comparative results serve 
to familiarize the reader with the character- 
istics of these different realization techniques. 

Chapter 10, Sequential Circuits, develops 
the Mealy model and describes the reduction 
method for eliminating superfluous states in 
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Don’t-care cases 
are included in the synthesis, which proceeds 
from verbal specification to state graph to re- 
duced state graph and finally to the flip-flop 
assignment and the resulting combinational 


the state graph or diagram. 


nets. The assignment problem is essentially 
a cut-and-try procedure and the author gives 
valuable suggestions for arriving at a reason- 
able solution. The reviewer feels that some 
attention should have been given to asyn- 
chronous relay circuits since he does not agree 
with the author’s statement to the effect that 
there is no loss of generality in considering 
only synchronous circuits. 

The following minor typographical defects 
were noted. Gray code is consistently mis- 
spelled except in the bibliography, and so is 
Semon. In the notation for the representa- 
tion of a truth function by listing its atoms in 
denary notation, e.g. 22,3,5, there is no indi- 
cation of the number of variables. The upper 
matrix on page 195 has two misplaced ones in 
the upper left quadrant. 

The author’s class calculus interpretation of 
Boolean algebra is not consistent. The ver- 
balisms are those of the statement calculus: 
“and,” “or,” “‘not,”’ and the interpretation of 
the constants ‘‘a closed or short circuit is rep- 
resented by 1, and an open circuit by 0,” and 
of the variables ‘‘the expression xy can be used 
to represent a relay circuit,’’ seems far afield 
from the class calculus. The reviewer prefers 
an all-out statement interpretation as for ex- 
ample in Kemeny, Snell, Thompson, Jntroduc- 
tion to Finite Mathematics, principally because 
it is both more elementary and more compre- 
hensive: “relay x is energized,” “input y is 
low.”’ The requirement that 1 represent a 
short circuit and “‘+”’ a parallel connection is 
dubious since this arbitrary polarization of the 
logic obscures the useful duality between open 
and short circuits and parallel and series con- 
nections. In the section on complementary 
networks of Chapter 4, almost all of the ex- 
amples can be solved by inspection using topo- 
logical duality. The question of notation is 
partly a matter of taste, but both logicians 
and mathematicians have abandoned ‘‘+"’ 
(except in Boolean rings), and as long as 
switching literature uses it, it is out of step 
with the basic sciences upon which it depends. 

It would seem that more stress could have 
been placed on the truth table as the basic 
specification of a truth function, since this 
leads naturally to the definition of canonical 
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forms, Karnaugh maps, and description by 
listing atoms. The contributions of the logic 
school of switching theorists are slighted (for 
example, Quine is not even mentioned) and 
this works against achievement of the author's 
secondary objective, since new theoretical re- 
sults are to be expected from this quarter. 
The de-emphasis of algorithms and proofs as 
contrasted with heuristic methods and con- 
vincement by example tends to unbalanee the 
book. There is no mention of algorithms for 
finding prime implicants or the use of tables 
thereof, for finding output matrices by iter- 
ated squaring, for generating bridge networks 
from a tree expansion. 

The text is a valuable addition to the litera- 
ture, one that is especially noteworthy for its 
compactness despite a broad coverage of 
topics. It could be used successfully as an 
undergraduate as well as a graduate text in 
view of the fact that it contains selections from 
college algebra that reduce the prerequisites. 
Each chapter concludes with a carefully writ- 
ten summary and about twenty problems. 
The book shows every evidence of having been 
classroom tested, and this is particularly im- 
portant to a prospective teacher. 

As far as independent study is concerned, 
the book can be read profitably by those with 
a moderate amount of experience and even 
veterans will find it contains original contribu- 
tions of interest to them. 

GEORGE W. PATTERSON 
University of Pennsylvania 


ELECTRICAL MEASUREMENT ANALYsIs, by 
Ernest Frank. 443 pages, illustrations, 
6 X9in. New York, McGraw-Hill Book 
Co., 1959. Price, $8.75. 


As implied by the inclusion of the word 
“analysis’’ in its title, Professor Frank's text 
departs from the familiar plan of most books 
on electrical This feature 
makes it a very welcome addition to the peda- 
gogic literature. There is little discussion of 
the details of design and construction of spe- 
cific manufacturers’ instruments or compo- 
nents, but the fundamental physical laws of 
the operation of metering elements are not 
slighted in the least. 

After a general chapter of introduction is 
placed a review of linear circuit analysis which 
is both compact and clear. For electrical 


measurements. 


engineering students this material may well be 
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omitted, but for students of other engineering 
curricula, or for those studying on their own, 
this chapter is useful. Chapters 3 and 4 treat 
the basic metering unit, the galvanometer, 
with an excellent section on galvanometer 
dynamics. 

The text then moves into material more 
pertinent to analysis by a study of the role and 
treatment of errors. The classes of system- 
atic and random errors are defined and exem- 
plified, the fundamentals of statistics and 
probability are presented, based on a fre- 
quency of occurrence definition. The criteria 
of precision discussed are limits of error, stand- 
ard deviation and probable error. Methods 
for computing precision criteria for combina- 
tions of measurements, and of estimating the 
standard deviation of the mean are derived. 
Much of this is material which the under- 
graduate student sorely needs to develop an 
appreciation of the meaning of data, and 
which very often is not given him. 

The author returns to more traditional elec- 
trical measurements material in succeeding 
chapters on deflection and null methods, ex- 
cellent analyses of bridge methods, waveforms, 
and arc measurements. The final chapter re- 
turns to the analysis theme with its discussion 
of the treatment of data. Here we find a de- 
scription of computing techniques, approxi- 
mations, graphical representations and em- 
pirical equations, to aid the student in repre- 
senting and interpreting his data. 

There is no discussion of high frequency 
measurements, particularly in the case of dis- 
tributed parameter circuits, such as wave- 
guides. Measurements of frequency, time in- 
terval, and noise measurements are omitted. 
But these are really details, not fundamentals. 
The text has a fine set of problems with an- 
swers. Individual instructors may choose to 
alter the order of the material or the emphasis ; 
nevertheless, the text should be easily adapt- 
able to nearly all curriculum requirements. 

A. C. Byers 
The Franklin Institute Laboratories 


AiR POLLUTION CONTROL, by W. L. Faith. 
259 pages, illustrations, 6 X 9 in. New 
York, John Wiley & Sons, Inc., 1959. 
Price, $8.50. 


Air Pollution Control is the latest addition 
to the technical bookshelf in an increasingly 


important field. The scope is wide and the 
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subject matter touches upon almost all related 
topics from meteorology to legal aspects. 
None of the subjects is developed deeply, but 
each is presented in an easy-to-read style. 
There is a minimum of mathematical and 
chemical formulary and controversial subjects 
have been avoided. The author has pre- 
sented only the most accepted principles. 

There are nine chapters: (1) The Air Pollu- 
tion Problem; (2) Meteorology; (3) Smoke; 
(4) Dusts, Fumes, and Mists; (5) Gases; (6) 
Odors; (7) Automobile Exhaust; (8) The Air 
Pollution Survey ; and (9) Legal Aspects. 

The discussion of fuels in Chapter 3 is very 
good. There is also an excellent summary of 
combustion processes. The summary of labo- 
ratory and commercial collection systems in 
the chapter on Dusts, Fumes and Mists will be 
appreciated by the reader desiring a general 
description of these techniques. One of the 
better chapters describes the automobile ex- 
haust problem. Exhaust composition as a 
function of the engine cycle, research and 
motor knock methods, and the effect of stand- 
ard and automatic transmissions are included 
in this chapter. 

Dr. Faith's presentation permits the inex- 
perienced reader to obtain an easily assimi- 
lated background. The bibliography and 
manufacturer's references may then be used to 
obtain further detail. The experienced re- 
searcher or worker in this field wiil find very 
little that is new. The book will be of defi- 
nite value, however, to the uninitiated or 
nonspecialist. 

W. E. Scorr 
The Franklin Institute Laboratories 


GROWTH AND PERFECTION OF CRYSTALS, 
edited by R. H. Doremus, B. W. Roberts 
and D. Turnbull. 609 pages, illustrations, 
8} X11 in. New York, John Wiley & 
Sons, Inc.; London, Chapman and Hall; 
1958. Price, $12.50. 


This book is comprised of the papers pre- 
sented at the International Conference on 
Crystal Growth held at Cooperstown, New 
York in August 1958. 

This conference focused its attention on the 
fundamental mechanisms of crystal growth 
both in metallic and non-metallic systems. A 
fairly large number of papers deal with the 
growth and physical properties of ‘‘whiskers’’ 
(small filamentary single crystals). Studies 
dealing with the controlled growth and physi- 
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cal properties of these crystals have enabled 
investigations to partially unravel some of the 
mysteries of growth. There are many un- 
solved problems however ; among these is the 
phenomenal strength of these small hair-like 
structures. 

Six general sections contain some forty-odd 
articles and discussions. The first section is 
an introductory lecture by F. C. Frank whose 
pioneer work on the influence of dislocations 
on crystal growth stands as a beacon in the 
field. The next two sections deal with growth 
of whiskers and crystal imperfections. Here 
the papers deal with such pertinent subjects as 
dislocation studies, nucleation of ferromag- 
netic domains and elastic properties. 

Growth studies involving solute and solvent 
phases are treated in sections four and five. 
The presentation covers a large range of ma- 
terials. There are papers on liquid structure, 
salt dendrites, alloy crystal growth and the 
production of dislocation-free crystals. When 
one reads these chapters, he is immediately 
impressed with the great overlap, yet subtle 
differences in growth kinetics which are appli- 
cable when considering metallic versus non- 
metallic systems. 

The book contains much of the new impor- 
tant work on long-chained molecules. In sup- 
port of this we find chapter six devoted en- 
tirely to the crystallization of polymers. The 
inclusion of papers on polymers promoted a 
useful exchange of views between scientists 
studying relatively simple molecules and those 
dealing with these more complex systems. 
This was indeed one of the aims of the 
conference. 

The volume is well illustrated and contains 
some examples of very fine microphotography. 
There are author and subject indices and dis- 
cussions are included in each section. 

The book is highly recommended for physi- 
cists, chemists and metallurgists whose interest 
lies in the area of nucleation kinetics. 

J. B. Drew 
The Franklin Institute Laboratories 


THE PHYSICAL METALLURGY OF MAGNESIUM 
AND ITs ALLoys, edited by G. V. Raynor. 
531 pages, diagrams, 5} X 8} in. New 
York, Pergamon Press, Inc., 1959. Price, 
$12.50. 

This is Volume 5 in a series of Monographs 
on Metals Physics and Physical Metallurgy. 

Most texts devoted to a specific metal and its 
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alloys cover such points as mineral occurrence, 
beneficiation, foundry practice, fabrication 
metallography, etc. This book does not touch 
on these subjects but is devoted to the physics 
and physical metallurgy aspects of magnesium 
and its alloys. 

Considerable attention has been focussed on 
magnesium in the last two decades. Primary 
interest has been directed toward its applica- 
tion as a light weight structural material for 
aircraft. However, its use has not been fully 
exploited because of its chemical reactivity. 
Research has resulted in many publications on 
the technology of magnesium and its alloys; 
but until publication of the present text, there 
has been no comprehensive review of the theo- 
retical aspects of the subject. 

The book opens with a brief introduction 
and a chapter on the physical and chemical 
properties of magnesium. ‘This is followed by 
a detailed discussion on the electronic struc- 
ture of solid magnesium. The author gives a 
review of the electron theory of metals suffi- 
cient to enable the reader to grasp the Bril- 
louin zone structure. This section sets the 
pace for the remainder of the book which is 
strongly slanted in the direction of metals 
physics. 

The general alloying behavior of magnesium 
is discussed in terms of valence and size factor 
effects. The author shows by numerous ex- 
amples how theory can be used to explain in 
part the alloying behavior. He does an excel- 
lent job of showing how theory can also predict 
what elements might be usefully considered 
for the development of alloys for specific 
applications. 

Over seventy pages are devoted to the im- 
portant subject of intermediate phases in mag- 
nesium alloys with emphasis placed on the 
normal valency compounds and the Laves 
phases. 

A chapter is devoted to the deformation 
characteristics of magnesium. Interpretation 
is made in terms of dislocation theory. 

The latter half of the book is devoted to 
alloys of magnesium with various groups of 
the periodic table. Miscellaneous metals and 
gaseous elements are included. A great num- 
ber of phase diagrams are given. There is an 
excellent closing summary of the influence of 
alloying. 

Two appendices deal with the elastic con- 
stants, moduli, and a detailed treatment of the 
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lattice spacings of magnesium alloys. There 
is both a subject and author index. 

At times the book is difficult reading for the 
metallurgist not well grounded in the electron 
theory of metals. However, it is well worth 
his time and does much more than familiarize 
him with the metal physics of magnesium. It 
should convey to him a clearer understanding 
of how metals theory can be usefully applied 
to specific systems. The author has done an 
outstanding job in this respect. 

R. L. Smita 
The Franklin Institute Laboratories 


FOURIER TRANSFORMS AND X-Ray DIFFRAC- 
TION, by H. Lipson and C. A. Taylor. 76 
pages, illustrations, 54 X 8? in. London, 
G. Bell & Sons, Ltd., 1958. Price, $4.50 
(available in U. S. from the Macmillan Co.). 


Fourier transform techniques as applied to 
X-ray diffraction problems represent a very 
powerful tool. Unfortunately, the mathe- 
matical manipulations sometimes obscure the 
underlying physical principles. In this vol- 
ume the authors have presented the funda- 
mental techniques using the physical nature of 
the problem as a foundation. Mathematical 
vigor has been avoided, and therefore, the 
book can be read by anyone whose background 
in mathematics has not been too extensive. 

The book begins by describing the subject 
briefly in the first chapter. From there the 
general expression for the Fourier transform of 
the electron density of a very small body scat- 
tering X-raysisderived. Thesame function is 
then re-derived for atoms, molecules and 
groups of molecules. The effect of symmetry 
operations on the transform are also presented. 
Crystalline diffraction is treated in Chapter 3, 
with discussions of structure factors and sys- 
tematic missing reflections. A complete chap- 
ter is devoted to the important topic of con- 
volutions and peak functions. A short, under- 
standable derivation is given for the convolu- 
tion with physical examples clearly presented. 
The peak function and its application also re- 
ceive excellent discussions. This important 
chapter deserves special mention for its lucid 
discussion of the relation of the convolution 
and peak function to physical nature of X-ray 
diffraction by crystals. Chapter 5 contains 
the geometric fundamentals of the reciprocal 
and direct lattice with respect to X-ray diffrac- 
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tion. Succeeding chapters are devoted to the 
application of Fourier transforms to Fourier 
synthesis, structural analysis and defect struc- 
tures. The greatest emphasis is on structural 
analysis. 

In the Appendices, an example is given of a 
transform calculation, optical transforms, and 
finally, very neatly, shows some optical trans- 
forms as related to various topics in the main 
text. 

The authors have presented an interesting 
subject in a very readable form. 

E. KLOKHOLM 
The Franklin Institute Laboratories 


INTRODUCTION TO MONOPULSE, by Donald R. 
Rhodes. 119 pages, diagrams, 6 X 9 in. 
New York, McGraw-Hill Book Co., Inc., 
1959. Price, $6.00. 


Donald Rhodes has prepared this mono- 
graph describing an important aspect of radar 
which may also be applied to certain other 
radiation problems. Dealing specifically with 
direction finding, it includes antennas and an- 
tenna systems as well as the circuits which 
utilize antenna signals. Early experiments 
were conducted as far back as 1928 by H. T. 
Friis, using a single antenna to determine the 
angle of arrival of atmospheric propagation. 
Refinements in direction finding have brought 
about the use of pairs of antennas in which the 
arriving signals could be compared electron- 
ically. The word “monopulse” comes from 
the theoretical concept that an angle of arrival 
could be determined from just one pulse re- 
turned from a passive source or transmitted 
from a beacon. This branch of radar direc- 
tion finding, now termed monopulse, is a 
highly-developed field. 
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In this book the author attempts to give 
primarily theoretical concepts and outline the 
associated monopulse systems. Any reference 
to hardware or system components has been 
omitted. The work is largely descriptive with 
certain mathematical analyses included to 
cover general cases. Classification of all these 
systems according to accuracy and pitfalls 
which may be encountered has been one of the 
author's objectives. 

This slim volume is, as its title indicates, 
introductory. However, through its study 
one could certainly become familiar with the 
language of monopulse systems and could de- 
rive an appreciation for the variety of system 
combinations. The author does not rely 
heavily upon many references but rather ap- 
pears to derive his information from consider- 
able personal experience. Of course, the usual 
references to the MIT Radiation Laboratory 
series and certain work done at Bell Labora- 
tories are necessary. 

The book will probably find a significant 
number of its users to be those experienced in 
some other branch of radar who are inclined to 
investigate monopulse as an alternate under- 
taking. It is hardly conceivable that this 
subject would be suitable for a course of in- 
struction at the university level, because it is 
rather brief and somewhat specialized. The 
author's style is clear and understandable, so 
that a practicing engineer should have little 
trouble covering this text in several weeks’ 
time. It is also likely that the reader would 
wish to supplement this study by frequent 
reference to other books on the particulars of 
radar and electromagnetic radiation. 

% C. W. HARGENS 


The Franklin Institute Laboratories 
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FUNDAMENTAL ASPECTS OF REACTOR SHIELD- 
ING, by Herbert Goldstein. 416 pages, dia- 
grams, 6 X 9 in. Reading (Mass.), Addi- 
son-Wesley Publishing Co., Inc., 1959. 
Price, $9.50. 


This book is based on a report prepared by 
the author for the Atomic Energy Commis- 
sion. Concentrating on a discussion of the 
fundamentals of reactor and shield design, the 
book's twofold aim is to encourage further in- 
vestigations into the basic physics of shields 
and to supply an exposition of the shielding 
processes. A certain background is assumed 
in radiation biology and nuclear physics on 
the part of the reader, as they enter into the 
subject of shielding, but full discussion of 
them is not given. 


INFORMATION THEORY AND STATISTICS, by 
Solomon Kullback. 395 pages, 6 X 9 in. 
New York, John Wiley & Sons, Inc., 1959. 
Price, $12.50. 

Using a general probabilistic setting, this 
book describes the logarithmic measures of in- 
formation and their applications to the testing 
of statistical hypotheses. The author unifies 
his applications by consistent use of the con- 
cepts and properties of information theory. 
These applications are to the analysis of 
samples of fixed size, from multinomial popu- 
lations and contingency tables (nonparamet- 
ric), and parametric problems about the expo- 
nential family of populations, particularly the 
multinomial, Poisson, and normal. The dis- 
cussions provide the foundation for an exten- 
sion to more complex stochastic processes, like 
sequential analysis and those of communica- 
tion theory. Numerous worked examples are 
included in this volume. 


APPLIED PETROLEUM RESERVOIR ENGINEER- 
ING, by B. C. Craft and Murray F. Haw- 
kins, Jr. 437 pages, diagrams, 6 X 9 in. 
New York, Prentice-Hall, Inc., 1959. Price, 
$12.00. 


The science of primary and secondary re- 
covery of oil and gas is treated competently in 
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this original text. The extraordinary growth 
of the petroleum industry in recent years has 
been largely responsible for the improved 
methods for analysis and prediction of reser- 
voir and well performance. This text pre- 
sents these new methods, relating theory to 
practice, with a field engineering approach. 
Suitable for use as a first course in reservoir 
engineering, the text provides numerous ex- 
amples and problems with answers. 


THE STRUCTURE OF ELECTROLYTIC SOLUTIONS, 
edited by Walter J. Hamer. 441 pages, 
diagrams, 6 X 9in. New York, John Wiley 
& Sons, Inc., 1959. Price, $18.50. 


The latest volume in the Electrochemical 
Society Series, this book is based on a sym- 
posium held in Washington in May 1957. 
Twenty-seven chapters, written by authorities 
from eight countries, cover all phases of cur- 
rent work on electrolytic solutions. In addi- 
tion to properties of electrolytic solutions, the 


chapters cover dilute and concentrated solu- 
tions, fused electrolytes and the pure ionic 


solid state. New experimental techniques are 
described in several chapters. Complex ions, 
ion pairs, polyelectrolytes, fused salts, ionic 
crystals and the rare earths occupy a good 
share of the text. Each author uses his own 
nomenclature and symbols; the editor did not 
attempt to standardize these, since the main 
purpose of the symposium was to stimulate 
thought and future work in the field. The 
references appended to each paper include 
historical sources as well as recent work up to 
and, in some cases, including 1958. 


INDUSTRIAL Fatty Acips, edited by E. Scott 
Pattison. 230 pages, illustrations, 6 X 9 in. 
New York, Reinhold Publishing Corp., 
1959. Price, $7.00. 


Reflecting the growing industrial impor- 
tance of fatty acids derived from tall oil, one 
of the most important recent advances, this 
book covers the production and processing of 
fatty acids with emphasis on practical tech- 
nology and the chemistry involved with it. 
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The many industries using fatty acids will find 
here a wealth of dependable information on 
these materials. 


RESEARCHES IN GEOCHEMISTRY, edited by 
Philip Hauge Abelson. 511 pages, illustra- 
tions, 6 X 9in. New York, John Wiley & 
Sons, Inc., 1959. Price, $11.00. 

This volume provides a comprehensive view 
of current research in geochemistry. Written 
by authorities in their respective fields, each 
chapter reviews briefly the present status of 
research in the area of inquiry and describes in 
detail the authors’ recent contributions. Each 
chapter contains an extensive selected bibli- 
ography. Some of the major contributions in 
this text include the description of techniques 
used to estimate temperatures of formation of 
numerous ore deposits ; dating methods for the 
study of precambrian stratigraphy, already 
successfully employed to date events occurring 
early in the earth’s history; discussion of the 
use of tritium. A valuable reference source 
for graduate students and all who are inter- 
ested and active in earth science. 


SYMBOLIC LOGIC AND INTELLIGENT MACHINES, 
by Edmund C. Berkeley. 203 pages, dia- 
grams, 6 X9 in. New York, Reinhold 
Publishing Corp., 1959. Price, $6.50. 


The role of symbolic logic in the program- 
ming of automatic computers and such com- 
plex devices as robots is discussed in this in- 
formative text. The principles, methods and 
purposes of symbolic logic and Boolean alge- 
bra, on which the programming of intelligent 
machines is based, are all explained in a prac- 
tical manner by the author. The design and 
principles of both small and large machines are 
included, along with specific problems that 
confront these machines. 


TRANsistors, by Angelo C. Gillie. 262 pages, 
diagrams, 6 X 9 in. New York, Prentice- 
Hall, Inc., 1959. Price, $7.95. 


As transistors are being universally adopted 
and recognized as a replacement for vacuum 
tubes, this new text provides an understanding 
of the behavior of transistors in various appli- 
cations, without the usual prerequisite of ad- 
vanced mathematics. The principles can be 
easily understood by anyone familiar with 
Ohm's Law, a-c. theory and fundamental alge- 
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braic processes. Organization of the material 
is simple and logical, from general linear and 
non-linear conductors, to linear resistive con- 
trol devices, to the transistor—and finally to 
its application. The author has provided, at 
the end of each chapter, an abundance of ques- 
tions and has included 200 problems with 
answers to augment and intensify the under- 
standing of theoretical principles. 


THE UpPER ATMOSPHERE, by H.S. W. Massey 
and R. L. F. Boyd. 333 pages, diagrams, 
6X9 in. New York, Philosophical Li- 
brary, 1959. Price, $17.50. 


This volume is an account of the phenomena 
in the upper atmosphere studied during the 
International Geophysical Year. Methods of 
interpreting the coded signals of rockets and 
satellites and of finding their positions and 
speeds are fully described. Radio fadeout, 
radio absorption, night airglow, aurorae, me- 
teors, cosmic rays and currents responsible for 
magnetic variations are among the phenomena 
receiving detailed attention. Higher mathe- 
matics are not required by the reader and 
some chapters succeed in avoiding mathemati- 
cal exposition altogether. This is primarily a 
book for students, or for scientists in other 
fields who require a reliable outline of the 
subject of space travel. 


HiGH ALTITUDE AND SATELLITE ROCKETs, a 
symposium. 136 pages, illustrations, 84 
X 1lin. New York, Philosophical Library, 
1959. Price, $15.00. 


These are the proceedings of the first sym- 
posium on high altitude and satellite rockets, 
held in Great Britain in July 1957. The 
twelve papers presented by British and Ameri- 
can authors deal with some of the design and 
propulsion problems of high altitude rockets, 
recovery after re-entry, high temperature ma- 
terials, instrumentation, telemetry and guid- 
ance and some of the problems of human 
ascent beyond the atmosphere. 


MetHops BASED ON THE WIENER-Hopr 
TECHNIQUE FOR THE SOLUTION OF PARTIAL 
DIFFERENTIAL Equations, by B. Noble. 
246 pages, diagrams, 54 X 8} in. New 
York, Pergamon Press, 1958. Price, $10.00. 
Published as Volume 7 in the International 

Series of Monographs on Pure and Applied 


Mathematics, this book describes methods 
based on the Wiener-Hopf technique for solv- 
ing certain boundary-value problems involv- 
ing partial differential equations. Prerequi- 
site for the material is a knowledge of the 
Laplace transform, its complex inversion for- 
mula, and integration in the complex plane. 
The author discusses the complex variable in 
Fourier transforms, half-plane problems, and 
wave problems. Extensions and limitations 
of the Wiener-Hopf method include simul- 
taneous Wiener-Hopf equations and Laplace’s 
equation in polar coordinates. In Chapter 5 
on Some Approximate Methods, the author 
treats some interesting problems which cannot 
be solved exactly. A six-page bibliography of 
related references includes 1958 references. 


STATICALLY INDETERMINATE STRUCTURES, by 
Jack R. Benjamin. 350 pages, diagrams, 
6 X9 in. New York, McGraw-Hill Book 
Co., Inc., 1959. Price, $11.00. 


Design as a supplement to standard texts on 
analysis and design, this book covers the ap- 
proximate analysis of statically indeterminate 
structures using statics and the principles of 
deflected structures. There are many de- 
tailed sketches on the design of deflected 
structures. Approximate analysis techniques 
are given for continuous beams, rectangular 
rigid frames with vertical loads and with 
lateral loads, shear-wall structures with lateral 
loads, bents, arches, and bridges. The final 
chapter relates analysis to design. 


SILiconEs, by Robert N. Meals and Frederick 
M. Lewis. 267 pages, illustrations, 5 & 7} 
in. New York, Reinhold Publishing Corp., 
1959. Price, $5.95. 


The scope of this text includes the manu- 
facture, properties and applications of the sili- 
cones, with data on the properties of silicone 
resins, fluids and rubbers at high tempera- 
tures. It was written especially for design 
engineers, formulators and manufacturers in 
all industries having interest ‘n silicones as 
engineering and raw materials. Containing 
many case histories of present industrial appli- 
cations, including the uses of silicones as 
chemicals, rubbers, resins, fluids, greases, ad- 
hesives, sealants, and surface coatings, this 
handbook presents a concentrated, readable 
summary of the subject. 
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CELESTIAL MECHANICS, by E. Finlay-Freund- 
lich. 150 pages, diagrams, 54 X 8} in. 
New York, Pergamon Press, 1958. Price, 
$7.50. 


This volume deals with one problem of as- 
tronomy, that of the motion of celestial bodies 
in the gravitational field of the sun. Rein- 
terest in this problem has increased tremen- 
dously since the successful creation of artifi- 
cial satellites. Using straightforward mathe- 
matics, the book covers a wide field and will 
be a valuable aid to all students of astronomy, 
physics or mathematics. 


THE POTENTIAL THEORY OF UNSTEADY SUPER- 
sonic FLow, by John W. Miles. 220 pages, 
diagrams, 53 X 84 in. New York, Cam- 
bridge University Press, 1959. Price, $8.50. 


In this monograph, the author gives a sys- 
tematic and comprehensive survey of the 
theory of those aerodynamic forces which re- 
sult from unsteady motion of the structural 
components of high speed aircraft. Beginning 
with a full discussion of the basic equations of 
potential flow in their exact and approximate 
forms, the available methods of solution are 
developed and applied to typical supersonic 
wings, slender bodies and wing-body combina- 
tions. Illustrative calculations are given for 
harmonic motions (such as occur in dynamic 
stability and flutter problems) and also for 
transient motions. An appendix is provided 
dealing with reverse flow theorems, and a 
bibliography containing over 300 references. 
This is a book especially valuable to those 
engaged in research into unsteady flow, and 
for engineers concerned with practical flutter 
and stability analysis. 


THE BIRTH OF THE STEAMBOAT, by H. Philip 
Spratt. 149 pages, plates, 5$ X 7} in. 
London, Charles Griffin & Co., Ltd., 1958. 
Price, 28s. 

This is an historical account of the ideas, 
experimentation and persistent efforts which 
culminated in the achievement of the inven- 
tion of the steamboat some 150 years ago. 
The author traces the development in preced- 
ing centuries of the basic concepts of steam- 
ship propulsion which led to eventual success. 
It also gives some account of the manifold 
difficulties faced and overcome by the pioneer 
inventors and designers. Making a genuine 
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contribution to scientific history, this text 
breaks new ground since no work of just this 
scope has yet been attempted, being copiously 
documented from original research. 


INTRODUCTION TO THE THEORY OF COMPRES- 
SIBLE FLow, by Shih-I Pai. 385 pages, dia- 
grams, 6 X 9 in. Princeton, D. Van Nos- 
trand Co., Inc., 1959. Price, $9.75. 


In this volume the author briefly reviews 
the physical properties of gases and then dis- 
cusses in detail the theory of compressible flow 
of inviscid fluids, covering both steady and 
non-steady flow. Such advanced topics as 
transonic flow, hypersonic flow, and rotational 
flow are thoroughly explored. Briefly dis- 
cussed also are shock waves in a real gas and 
diabetic flow. Three chapters are devoted to 
an accurate and detailed summary of available 
information on the most important interaction 
phenomena, chemical reaction and the electro- 
magnetic forces in the flow field (magnetogas- 
dynamics). This book provides a thorough 


treatment of the subject of compressible flow 
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hoping to further independent research in the 
field. 


BounDARY LAYER RESEARCH, edited by H. 
Gértler. 411 pages, illustrations, 6} X 9} 
in. Berlin, Springer-Verlag, 1958. Price, 
DM 67.50. 


In August, 1957, the International Union of 
Theoretical and Applied Mechanics sponsored 
a symposium on boundary layer research, in 
Freiburg, Germany. The present work en- 
compasses all the lectures presented at that 
symposium. Participants came from seven- 
teen nations and their contributions are pre- 
sented in one of three languages—English, 
German or French. Written discussions fol- 
low each of the eight sections. There are 
thirty-two papers covering fundamental prob- 
lems in boundary layer research, particularly 
with reference to aeronautics. Even though 
the specialists may not be able to read all three 
languages, they will find many challenging 
ideas presented in whatever languages they 
can read. 


portunities in these fields. 


professional or industrial life. 


information. 


YOU CAN ADVANCE SCIENCE EDUCATION 


Today, more than ever before in its 135-year history, there is vital need for 
The Franklin Institute to effectively promote education in science and technology. 
It is imperative that we meet this challenge by providing adequate educational op- 


This requires vision, objective planning, and money. 
We have more than enough of the first two requisites, but far too little of the third. 
Our programs are aimed at professional scientists and industry, as well as the lay 
public and young people seeking inspiration and guidance in choosing a career. 
The Institute’s educational programs are impressive, for they begin with students in 
the early grades of our elementary schools and continue throughout an individual's 
With more funds at our disposal, the scope and 
vigor of these activities could be greatly increased. 
The Franklin Institute is not richly endowed. 
depending for encouragement and support on an understanding public. 
and conservative management assures wise administration of all funds. 
Your gift or bequest, large or small, will be deeply appreciated and will be used 
effectively to broaden the Institute’s educational usefulness. 
satisfaction in giving financial support to an organization that has pioneered in, and 
is dedicated to, the advancement of science and technology through education. 
When property is transferred, title should be in the name of The Franklin 
Institute of the State of Pennsylvania for the Promotion of the Mechanic Arts. 
The Secretary of The Franklin Institute will gladly furnish you with additional 
Write to him at The Franklin Institute, Benjamin Franklin Parkway 
at Twentieth Street, Philadelphia 3, Pennsylvania. 


It is a non-profit organization, 
Capable 
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PUBLICATIONS RECEIVED 


The Editors wish to call attention to these new books which have been received in the 
JOURNAL office for review. Lack of space prevents publication of full reviews. 


SUCCESSFUL TECHNICAL WRITING, by Tyler G. Hicks. 294 pages, 54 X 8 in. New York, 
McGraw-Hill Book Co., Inc., 1959. Price, $5.50. 


PROGRESS IN NUCLEAR ENERGY. LAw & ADMINISTRATION, VOLS. 1-2, edited by Herbert S. 
Marks. 994 pages, 6 9 in. New York, Pergamon Press, 1959. Price, $26.50. 


THE Puysics OF ELECTRICITY AND MAGNETISM, by William Taussig Scott. 635 pages, dia- 
grams, 6 X 9 in. New York, John Wiley & Sons, Inc., 1959. Price, $8.75. 


THERMODYNAMICS, by Gordon J. Van Wylen. 567 pages, diagrams, 6 X 9 in. New York, 
John Wiley & Sons, Inc., 1959. Price, $7.95. 


CALCULUS wiTH ANALYTIC GEOMETRY, by Angus E. Taylor. 762 pages, diagrams, 6 X 9 in. 
New York, Prentice-Hall, Inc., 1959. Price, $8.50. 


A Concise ENCYCLOPEDIA OF WORLD TIMBERS, by F. H. Titmuss. Second edition, 264 pages, 
plates, 6 X 93 in. New York, Philosophical Library, 1959. Price, $15.00. 


ELEMENTS OF WAVE MECHANICS, by N. F. Mott. Student edition, 156 pages, diagrams, 
54 X 84in. New York, Cambridge University Press, 1959. Price, $2.95 (paper). 


PRINCIPLES OF COLLEGE Puysics, by George Shortley and Dudley Williams. 898 pages, 
diagrams, 6 X 9 in. New York, Prentice-Hall, Inc., 1959. Price, $9.00. 


THE Puysicat SciENcEs, by E. J. Cable, R. W. Getchell, W. H. Kadesch, W. J. Poppy and 
H. E. Crull. Fourth edition, 553 pages, illustrations, 7 X 93 in. New York, Prentice- 
Hall, Inc., 1959. Price, $6.95. 


NATURAL SELECTION AND HEREDITY, by P. M. Sheppard. 212 pages, diagrams, 53 X 84 in. 
New York, Philosophical Library, 1959. Price, $6.00. 


ENCYCLOPEDIA OF CHEMICAL REACTIONS, VoL. VIII, compiled by C. A. Jacobson and edited 
by Clifford A. Hampel. 533 pages, 6 X 9 in. New York, Reinhold Publishing Corp., 
1959. Price, $14.00. 


PLANT PROPAGATION, by Hudson T. Hartmann and Dale E. Kester. 559 pages, illustrations, 
6 X 9in. New York, Prentice-Hall, Inc., 1959. Price, $8.75. 


F, L. STILLWELL ANNIVERSARY VOLUME. 302 pages, illustrations, plates, 54 X 8} in. Mel- 
bourne (Australia), The Australasian Inst. of Mining & Metallurgy, 1958. Price, not 
given. 


TRIGONOMETRIC SERIES, Vols. I and II, by A. Zygmund. Second edition, 7 X 10 in. Vol. I, 
383 pages; Vol. II, 354 pages. New York, Cambridge University Press, 1959. Price, 
$15.00 each or $27.50 a set. 
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Ultraviolet Light Absorber.—Poly- 
ethylene and polypropylene plastic 
products for outdoor use soon will be 
economical and practical because of a 
new ultraviolet light basorber devel- 
oped by American Cyanamid Com- 
pany. Known as UV 314, the new 
absorber is expected to be available 
commercially earlynext year. 

A major breakthrough in ultra- 
violet absorber technology, the new 
product, 2,2’-dihydroxy-2-n-octoxy- 
benzophenone, is expected to increase 
annual polyethylene consumption as 
much as 10 to 50 per cent, according 
to Dr. J. A. Weicksel, product super- 
visor for Cyanamid’s line of Cyasorb 
ultraviolet absorbers. Polyethylene 
consumption in 1958 reached 832 mil- 
lion pounds. A similar impact on the 
polypropylene market is anticipated. 

“UV 314 will be used initially by the 
plastics industry in polyethylene fibers, 
films and sheeting,’ Dr. Weicksel pre- 
dicted. “Its greatest potential,” he 
continued, “will be in applications for 
which polyethylene, because of its 
ultraviolet instability, has not yet 
been considered.” 

Marine ropes and fabrics for auto- 
motive upholstery and lawn furniture 
are some of the products that may be 
made with light-stabilized polyethyl- 
ene fibers. Typical film and sheeting 
applications include mulching and 
greenhouse sheeting, tarpaulins, high 
altitude balloons and moisture barriers 
for building construction. 

Ultraviolet instability has limited 
polyethylene’s use in outdoor appli- 
cations, Dr. Weicksel pointed out. 
When exposed to weather and sun- 
light for only a month, it loses its 
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flexibility and rapidly becomes stiff 
and brittle. 

Today’s commercially available 
ultraviolet absorbers, with the excep- 
tion of carbon black, have not been 
compatible with polyethylene. Al- 
though extremely effective as a light 
absorber, carbon black limits the use 
of the resin to opaque, black products. 

Cyanamid’s UV 314 absorber has 
been tested extensively by the com- 
pany under both accelerated and out- 
door exposure conditions. In tests 
conducted in Arizona sunlight, ten-mil 
polyethylene sheets containing 0.171 
per cent UV 314 retained 85 per cent 
elongation after two months. Un- 
treated sheets retained only 9 per cent 
after two months. 

To learn how the industry felt about 
the effectiveness of UV 314, Cyana- 
mid, not a producer of polyethylene, 
submitted samples of the new material 
to manufacturers late last year. Pre- 
liminary reports on their exposure 
tests are confirming the company’s 
results. 

UV 314 isa pale yellow powder that 
absorbs strongly in the 300-375 milli- 
micron range of the ultraviolet. Its 
long alkyl group (n-octyl) at the ether 
linkage makes it compatible with 
polyolefins. 

Samples of the new absorber are 
limited by Cyanamid at the present 
time to polyethylene manufacturers. 
Process development material should 
be generally available in August. 


Injectable Form of Chloromycetin. 
—Chloromycetin Succinate, a new 
injectable form of the broad-spec- 
trum antibiotic chloramphenicol, has 
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been introduced by Parke, Davis & 
Company. 

Studies with the new compound— 
the sodium salt of the monosuccinate 
ester of chloramphenicol—indicate it 
is rapidly absorbed by the patient, 
produces effective serum levels quickly 
and has the virtues of simplicity and 
ease of administration, the company 
said. In addition, Chloromycetin 
Succinate is “better tolerated at the 
site of injection than are some simi- 
larly administered antibiotics.” 

Chloromycetin Succinate (chlor- 
amphenicol sodium succinate) exerts 
the same broad coverage against 
disease-producing organisms as pro- 
duced by other forms of Chloromycetin 
products. The antimicrobial spec- 
trum of chloramphenicol is well estab- 
lished and includes susceptible strep- 
tococci, staphylococci, gonococci, 
pneumococci, brucellae, salmonellae, 
shigellae, and many other gram-posi- 
tive and gram-negative organisms, as 
well as certain rickettsiae and viruses, 
the company said. 

Chloromycetin Succinate, which can 
be administered intramuscularly, in- 
travenously or subcutaneously, is sup- 
plied in powdered form in vials for 
dilution before injection. 


Computer Translation into Braille. 
—Translation of printed text into 
braille at electronic speeds has been 
achieved with an International Busi- 
ness Machines Corp. electronic 
computer. 

The procedure creates in minutes a 
raised braille printing plate suitable 
for production of books for the nation’s 
350,000 sightless persons. It was de- 
veloped by IBM _ mathematicians 
working in conjunction with the 
American Printing House for the 
Blind, leading braille book publisher. 

The English text-to-braille com- 
puter translation program is expected 
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to be put to work immediately tomake 
up for the serious shortage of qualified 
braille translators, whose training 
normally takes two years. A knowl- 
edge of braille by computer personnel 
is unnecessary. 

The new method of creating braille 
was developed for a standard IBM 704 
data processing system, a powerful 
computer which has been installed in 
many industries to handle complex 
scientific and engineering problems. 
The 704 can translate a 300-page book 
in an hour—a job which would take 
more than six days for a_ skilled 
translator. 

Writing braille requires knowledge 
of many complicated rules of usage. 
Symbols often change their meaning in 
different contexts. Braille consists of 
63 combinations of 6 raised dots to rep- 
resent not only the alphabet, numerals 
and punctuation marks, but also 183 
special contractions and abbreviations, 
similar to written shorthand. 

Texts to be translated by the com- 
puter are first transferred to punched 
cards by means of a key punch with a 
conventional typewriter keyboard. 
The cards are then fed directly into 
the computer, which has had previ- 
ously stored in its memory a program 
or set of rules for conversion into 
braille. The machine executes as 
many as 600 instructions per word in 
less than the fortieth part of a second. 
The computer determines contractions 
and abbreviations by matching against 
an alphabetical table of braille 
equivalents. 

The translated text emerges from 
the computer in coded symbols on 
punched cards, and these, in turn, are 
fed to a printer which reproduces the 
braille symbols above the English text 
for editing purposes. After editing, 
the corrected deck of punched cards is 
fed to an embossing machine which 
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creates metal plates for use in a rotary 
press. 

The present program, which re- 
quired a year for completion, was the 
work of the Mathematics and Appli- 
cations Department of IBM’s Data 
Processing Division headed by 
Dr. Joseph E. Flanagan. This group 
has been exploring the feasibility of 
proposed applications of computers 
ranging from weather forecasting to 
job shop simulation. 

This new technique is expected to 
be used for the translation of text- 
books and technical titles now not 
available in braille to broaden career 
opportunities for the nation’s blind. 


Static Protective Relay.—A new 
static protective relay capable of op- 
erating at speeds faster than conven- 
tional electro-mechanical designs has 
been developed by General Electric’s 
Low Voltage Switchgear Department, 
in Philadelphia. 

Development of the new static 
phase comparison relay—first in 
General Electric’s new line of static 
relays for wide application in the pro- 
tection of high voltage transmission 
lines and power system components— 
opens a new era in the art of protective 
relaying, according to department 
general manager Frank E. Stehlik. 

Believed to be the most significant 
advancement in protective relaying 
since the introduction of high-speed 
relays thirty years ago, the new tran- 
sistorized design has completed ex- 
haustive field tests on the Muskingum- 
Philo 138 KV line of The Ohio Power 
Company. 

Operating within one and one-half 
cycles, the new static relay greatly 
reduces damage caused by line faults 
and improves stability to give better 
system protection. 

Designed for use with General 
Electric's new transistorized carrier 


CuRRENT Topics 8I 


current equipment, the relay provides 
high-speed simultaneous tripping of 
transmission line breakers for all in- 
ternal faults by comparing phase re- 
lationships of currents entering and 
leaving a line section. 

The transistorized units can be 
widely applied in the protection of 
high voltage transmission lines. 

Design flexibility permits use of the 
relay on multi-terminal transmission 
lines. Addition of new terminals to 
existing lines is possible without major 
changes to the relaying system. Be- 
cause of its high sensitivity, the new 
static protective relay detects lower 
magnitude faults and permits heavier 
line loading with an equivalent pro- 
tection level. 

Incorporating static components, 
transistors, stabistors, diodes, and 
reference diodes, the static phase com- 
parison relay eliminates the necessity 
of tubes, and their related mainte- 
nance costs. 

All transistor circuits are equipped 
with positive temperature stabiliza- 
tion to give consistent performance 
over a wide range of temperatures. 

A “plug-in”? modular construction 
facilitates testing and maintenance. 


Weather Display Device.— An auto- 
matic printing device which can dis- 
play a new message on local airfield 
weather observation in 1.2 seconds has 
been developed for U. S. Air Force 
testing by Burroughs Corporation, 
Detroit. 

The machine, designed to print out 
weather reports in plain language and 
display these reports in such strategic 
locations as the control tower, pilot 
ready room, Ground Control Approach 
station, operations office and weather 
offices, will be tested to determine its 
applicability to the 433L program, the 
Weather Observing and Forecasting 
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System now being developed by the 
Air Force. 

Called Burroughs Display Device 
S401, the machine receives and prints 
by electrostatic process incoming mes- 
sages on paper tape from data received 
via standard telephone party lines. 
It will also print from digital signals 
received from’ computers, punched 
paper tape, electronic message storing 
devices or magnetic drums, Burroughs 
engineers declared. Up to 12 of these 
devices may be operated across the 
same telephone line. 

Characters, 3 in. high by ? in. wide, 
can be viewed readily in a dimly 
lighted room at distances up to 12 feet. 

Airfield weather reports on tem- 
perature, visibility, wind direction and 
velocity, barometric pressure and hu- 
midity automatically will be fed into 
anelectronic message assembler which, 
in turn, will transmit the information 
by code to the $401. The S401 will 
convert the code into plain language 
on the display tape. 

The equipment is designed so that 
test data will change with every signif- 
icant change in the weather, enabling 
users to keep aware of even the smallest 
important weather change. 

The Air Force expects the electro- 
static display device to go on line test- 
ing within 18 months. 


Molecular Electronics.—.A $2-million 
development contract in the field of 


“molecular electronics’’ has been 
awarded to Westinghouse Electric 
Corporation. Thecontract was issued 


by ARDC’s Wright Air Development 
Center as part of a broad program 
effort in this new electronic area. The 
development centers on a_revolu- 
tionary method of ‘growing’ ger- 
manium crystals as thin, uniform flat 
ribbons. Formerly, the raw product 


was round and about the size of a 
Tedious slicing and 


.50 calibre bullet. 
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polishing of the material then followed. 

Research now shows the material 
may be literally “‘grown”’ as thin, uni- 
form flat ribbons. 

Research results to date indicate 
that the new method may lead to the 
development of outer-space electronic 
equipment 1,000 times smaller and 
lighter than anything now in existence. 

Carrying this new concept through 
to its conclusion and to the develop- 
ment of an over-all system, it would 
not be hard to foresee replacement of 
an electronic system the size of a 
breadbox with one the size of a cube 
of sugar. Consequently, the promise 
of drastic reductions in size, weight 
and power requirements for electronic 
equipment could allow space vehicles 
to perform a greater number and wider 
range of functions. 

Explaining this new germanium 
growing technique, scientists of the 
Westinghouse Research Laboratories 
said the material grows directly in the 
exact form in which this semiconduct- 
ing material is used for practical pur- 
poses in transistors and similar devices. 

Dr. S. W. Herwald, Westinghouse 
vice president, Research, described the 
‘molecular engineering” concept as a 
“basically new approach to the build- 
ing of electronic systems through the 
use of our new knowledge of the struc- 
ture of materials.’’ He said it deals 
with dimensions comparable to mole- 
cules themselves and “‘is not just an 
improved method of packaging 
present-day components with already 
developed philosophies.” 

“Dendritic germanium has broad- 
ened our thinking about the whole 
technology of solid state devices of the 
future,”” Dr. Herwald said. ‘One can 
envision, for example, the process at 
work in a machine that continuously, 
automatically, and at high speed turns 
out finished transistors directly from 
an input of raw germanium and the 
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two or three other materials required 
to put a transistor into final form.” 

In use, these very small pieces of 
crystal could perform the functions 
that now require as many as a dozen 
present-day components using con- 
ventional circuitry. Two possible 
functions of the minute equipment are 
the sensing of environmental condi- 
tions and transmitting the data to any 
desired location. Feasibility studies 
are being conducted on infrared, recon- 
naissance, flight control, communica- 
tions, and other military applications. 

As an example of the size and weight 
reductions possible under the new 
concept, the most modern system used 
today to measure the intensity of light 
in space has a volume of about one 
cubic inch and a weight of approxi- 
mately seven grams. The Air Force 
has conducted demonstrations with a 
Westinghouse light telemetry sub- 
system which has a volume of one one- 
thousandth of a cubic inch and a total 
weight of two one-hundredths of a 
gram. Thisequipment not only meas- 
ures change in light intensity but also 
produces a signal capable of trans- 
mission to relate the degree of change 
in intensity. 

The new technique for growing 
germanium was the work of two 
Westinghouse research physicists, 
Dr. R. L. Longini and Dr. A. I. Ben- 
nett, both of the laboratories’ solid 
state physics department. 

“The ease of processing dendritic 
germanium into usable form contrasts 
sharply with present practices,”’ the 
Westinghouse scientists said. ‘“‘To 
process conventional germanium in- 
gots into useful form, they must be 
sliced into thin wafers somewhat like 
a loaf of bread is cut into slices. Be- 
cause germanium isso hard and brittle, 
the cutting is done with a diamond- 
tipped saw, and each slice has to be 
three to five times the desired thick- 
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ness simply to keep it from shattering. 

“The slices must then be ground 
down to the required thickness, fur- 
ther cut into small squares, and finally 
polished. Only then is the germanium 
ready to be fashioned into finished 
transistors or other devices. As a 
result of all this cutting and polish- 
ing, about 80 per cent of the original 
ingot is thrown away as germanium 
‘sawdust.’ 

“Not only is dendritic germanium 
of the proper thickness for direct use, 
its ultra-smooth, mirrow-like surfaces 
need no grinding or polishing of any 
kind. As a result, the usual time- 
consuming and expensive processing 
of the germanium into usable form is 
virtually eliminated.” 


Mosquito Light Trap.—-The U. S. 
Army Engineers have built a better 
mosquito trap. Developed by their 
Research and Development Labora- 
tories at Fort Belvoir, Va., the new 
aluminum trap has proved under test 
to be more rugged and corrosive- 
resistant than standard models. 

The purpose of the mosquito light 
trap is to catch a_ representative 
sample of a mosquito population to 
determine its density and species for 
establishing controls and measuring 
their effectiveness. 

Now standard military equipment, 
the new trap consists of an aluminum 
frame, a cover-protected light bulb, a 
10 milli-horsepower, electric motor 
driven fan, a screen cone and a col- 
lecting jar. Mosquitoes attracted by 
the light are blown by the fan down 
through a screen cone into a plastic 
jar where they are killed by sodium 
cyanide or paradichlorobenzene. The 
trap operates on a 110 volt line, and 
is controlled by an automatic electric 
timer. 

The device was tested at Fort 
Stewart, Ga., Jacksonville and Key 


Re 


West, Fla., and at the Army Chemical 
Center, Md., as well as at Fort Belvoir. 
Electronic Bank Bookkeeping Ma- 
chine.—An electronic bank bookkeep- 
ing machine that could eliminate one 
of banking’s most time-consuming 
problems—the manual handling of 
thousands of checking account ledger 
forms while posting checks and deposits 
—is currently being demonstrated at 
regional banking conventions. 

Fresh from Burroughs research lab- 
oratories, the machine is an electronic 
bank bookkeeping machine with auto- 
matic statement processing. It was 
developed as a part of the Burroughs 
MICR (Magnetic Ink Character Rec- 
ognition) automation program for 
banks. The machine is being shown 
at the various conventions to check 
banker reaction to the equipment and 
obtain evaluation information. 

The device combines the automa- 
tion talents of Burroughs present 
electronic bank bookkeeping machines 
with an automatic statement selector. 
Upon command from the bookkeeping 
machine, the selector electronically 
searches out any desired statement 
from astack of statement forms placed 
in the selector feeding tray and inserts 
it into the carriage of the bookkeeping 
machine without human assistance. 
On completion of posting, it returns 
the form to a stacker in proper 
sequence. 

Use of the machine could completely 
eliminate operator handling of the 
satement forms during posting. 
Under existing systems operators select 
statement sheets one by one manually, 
insert them into the carriage of the 
bookkeeping machine and after post- 
ing remove them from the carriage and 
place them in a “‘finished”’ file. 

The manual handling of forms is the 
most time-consuming—thus, most ex- 
pensive step in the posting operations, 
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Burroughs officials explained. Elimi- 
nation of this work through automa- 
tion could increase both overall speed 
of the entire posting operation and 
increase accuracy and efficiency. 

With the new Burroughs develop- 
ment an operator would never touch 
a ledger form while posting. Her 
work would be reduced to simply 
reading and posting information from 
the checks to be posted and indexing 
this into the machine. 

With elimination of manual han- 
dling, actual posting speed would be 
increased to a point where the selector 
would begin looking for the next state- 
ment before posting to the previous 
account had been completed. By 
actual count the machine could elimi- 
nate 10 posting functions operators 
now perform manually. In addition, 
the machine could automatically pass 
on inactive accounts without loss of 
time to the operator and still maintain 
both active and inactive statements in 
correct amount sequence. 

Three magnetic ink stripes now 
being printed on the reverse side of the 
statement form and acting as both 
“memory” and trigger mechanism for 
the present electronic bookkeeping 
machine could serve double duty by 
also acting as the trigger and ‘‘mem- 
ory” for the selector device. 

Both the selector and the book- 
keeping machine could read informa- 
tion and instructions coded into the 
magnetic ink stripes to carry out their 
automatic functions. The informa- 
tion would be “written” into the 
stripes as a normal by-product of 
posting operations on the bookkeeping 
machine. 

Carrying automatic functions even 
further, the machine could also be 
used to obtain trial balances and 
transfer balances from old to new 
statement forms without human aid. 
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FOR RESEARCH AND DEVELOPMENT 


In the fields of engineering and the physi- 
cal sciences, a competent and versatile 
staff of several hundred scientists and en- 
gineers, working with modern equipment 
in a creative climate, is trained to bring a 
fresh scientific approach to the solution of 


industrial problems. 
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